PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2001 -255660 

(43)Date of publication of application : 21.09.2001 



(51)IntCI. 


G03F 


7/20 




G02B 


3/00 




G02B 


13/18 




G03F 


7/40 



(21 Application number : 2000-067262 
(22)Date of filing : 1 0.03.2000 



(71 Applicant : RICOH OPT IND CO LTD 
(72)Inventor : UMEKI KAZUHIRO 



— I. 



( fc>/> 



-IF 



(54) GENERATION METHOD FOR SPECIAL, SURFACE SHAPE AND OPTICAL ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a novel generation method which is ^ 
capable of easily generating a special surface shape of a three-dimensional 
structure which changes smoothly and continuously in a height direction on a 
photosensitive material layer or a substrate. 

SOLUTION: The generation method for the special surface shape changes the 
thickness of the photosensitive material layer 1 1 according to the desired 
special surface shape by applying a photosensitive material to a prescribed 
thickness on the surface of a substrate material 1 0 to be formed with the 
special surface shape of the desired three-dimensional structure to form the 
photosensitive material layer and exposing a mask pattern LF of a prescribed 
light transmittance distribution on the photosensitive material layer 1 1 by using 
a mask for exposure stepwise changing in the light transmittance in v . 

I\fl 

correspondence to the special surface shape. When the pattern LF of the mask 
for exposure is exposed to the photosensitive material layer 1 1 , the exposure 
pattern is slightly deviated in focus by defocusing, by which the level difference 
of the light transmittance distribution of the mask pattern is eliminated. 
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[Claim(s)] 

[Claim 1] The generating approach of the shape of special surface type which carries out [ ****** ] an 
exposure pattern, is made to carry out it. and is characterized by canceling the level difference of light 
transmittance distribution in case light transmittance exposes a pattern in the photosensitive ingredient 
layer on a substrate using the mask for exposure which changes gradually corresponding to the shape of 
special surface type of the desired three-dimensional structure. 

[Claim 2] The generating approach of the shape of special surface type characterized by canceling the 
level difference of light transmittance distribution by exposing a mask pattern by the diffused light in 
case light transmittance exposes a pattern in the photosensitive ingredient layer on a substrate using 
the mask for exposure which changes gradually corresponding to the shape of special surface type of 
the desired three-dimensional structure. 

[Claim 3] On the front face of the substrate ingredient which should form the shape of special surface 
type of the desired three-dimensional structure, apply a photosensitive ingredient to predetermined 
thickness and a photosensitive ingredient layer is formed. Corresponding to the shape of above- 
mentioned special surface type, light transmittance exposes the mask pattern of predetermined light 
transmittance distribution in the above-mentioned photosensitive ingredient layer using the mask for 
exposure which changes gradually. In the special surface type-like generating approach of making the 
thickness of the above-mentioned photosensitive ingredient layer changing according to the shape of 
target special surface type The generating approach of the shape of special surface type which 
defocuses, is made to carry out focal dotage of the exposure pattern slightly, and is characterized by 
canceling the level difference of light transmittance distribution of the above-mentioned mask pattern in 
case the pattern of the above-mentioned mask for exposure is exposed to the above-mentioned 
photosensitive ingredient layer. 

[Claim 4] On the front face of the substrate ingredient which should form the shape of special surface 
type of the desired three-dimensional structure, apply a photosensitive ingredient to predetermined 
thickness and a photosensitive ingredient layer is formed. Corresponding to the shape of above- 
mentioned special surface type, light transmittance exposes the mask pattern of predetermined light 
transmittance distribution in the above-mentioned photosensitive ingredient layer using the mask for 
exposure which changes gradually. In the special surface type-like generating approach of making the 
thickness of the above-mentioned photosensitive ingredient layer changing according to the shape of 
target special surface type In case the pattern of the above-mentioned mask for exposure is exposed to 
the above-mentioned photosensitive ingredient layer, with the pattern formation side of the above- 
mentioned mask for exposure, an optical diffused-light study component is arranged to the field by the 
side of the light source in the opposite side. The generating approach of the shape of special surface 
type characterized by canceling the level difference of light transmittance distribution of the above- 
mentioned mask pattern by exposing a mask pattern by the diffused light. 

[Claim 5] the creation of the shape of special surface type according to claim 2 — the creation of the 
shape of special surface type characterized by arranging the functional film for optical diffusion which 
has a light transmission function in the opposite side of the pattern formation side of the mask for 
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exposure as the diffusecHight generating approach in an approach, and canceling the level difference of 
light transmittance distribution — an approach. 

[Claim 6] the creation of the shape of special surface type according to claim 2 — the creation of the 
shape of special surface type characterized by arranging the functional film for optical diffusion which 
has a light transmission function in the pattern formation side of the mask for exposure as the diffused- 
light generating approach in an approach, and canceling the level difference of light transmittance 
distribution — an approach. 

[Claim 7] the creation of the shape of special surface type according to claim 2 — the creation of the 
shape of special surface type characterized by arranging the functional film for optical diffusion which 
has a light transmission function to both sides of the mask for exposure as the diffused-light generating 
approach in an approach, and canceling the level difference of light transmittance distribution — an 
approach. 

[Claim 8] any of claims 1-7, or the creation of the shape of special surface type of one publication — 
the creation of the shape of special surface type to which light transmittance is characterized by to use 
the reticle mask to which the concentration distribution mask (gradation mask) which has the mask 
pattern which changes gradually, or the above-mentioned concentration distribution mask was expanded 
with the predetermined dilation ratio as the above-mentioned mask for exposure in an approach 
corresponding to the shape of special surface type — an approach. 

[Claim 9] any of claims 1-8, or the creation of the shape of special surface type of one publication — 
the creation of the shape of special surface type characterized by using a photoresist or a photo- 
setting resin as the above-mentioned photosensitive ingredient in an approach — an approach. 
[Claim 10] In the generating approach of the shape of special surface type according to claim 9, in using 
a photoresist as a photosensitive ingredient After exposing the mask pattern which has optical 
predetermined three dimension intensity distribution with a concentration distribution mask or a reticle 
mask in the photoresist layer applied to the front face of a substrate ingredient, The generating 
approach of the shape of special surface type characterized by carrying out patterning of the 
photoresist layer to the desired three-dimensional structure through processes, such as development, a 
rinse or postexposition jar BEKU, and resist hardening processing. 

[Claim 1 1] In the generating approach of the shape of special surface type according to claim 9, in using 
a photo-setting resin as a photosensitive ingredient After applying a liquefied photo-setting resin to the 
front face of a substrate ingredient, a photo-setting resin layer exposes the mask pattern which has 
optical predetermined three dimension intensity distribution with the above-mentioned concentration 
distribution mask or a reticle mask in the condition of having a fluidity. A photo-setting resin layer is 
gradually stiffened from a front-face side by the irradiation time of exposure, fluid control by light 
exposure and heating, etc. The generating approach of the shape of special surface type characterized 
by making the front face of the above-mentioned resin layer deform by the volume decrease of a photo- 
setting resin and flow accompanying hardening, and carrying out patterning to the desired three- 
dimensional structure. 

[Claim 12] any of claims 1-11, or the creation of the shape of special surface type of one publication — 
the creation of the shape of special surface type characterized by to perform anisotropic etching to the 
above-mentioned photosensitive ingredient layer and a substrate, to engrave a substrate front face with 
the shape of surface type of the above-mentioned photosensitive ingredient layer, to move it, and to 
imprint it after making the thickness of the above-mentioned photosensitive ingredient layer change in 
an approach according to the shape of special surface type made into the purpose — an approach. 
[Claim 13] The optical element characterized by forming an optical curved surface in a photosensitive 
ingredient layer or a substrate ingredient front face using the generating approach of the shape of 
special surface type of any of claims 1-12, or one publication. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the special surface type-like generating approach and 

optical element which have the three-dimensional structure. 

[0002] 

[Description of the Prior Art] The special field configuration represented in the spherical surface, the 
aspheric surface, etc. is used for the refracting interface and reflector of an optical element, and. these 
days, the micro lens, the micro-lens array, etc. are asked for the special field configuration in relation to 
a liquid crystal display component, a liquid crystal projector or optical communication, etc. Then, the 
approach of carrying out creation of the shape of special surface type which has the three-dimensional 
structure of a curved surface etc. on the front face of substrates, such as a glass metallurgy group and 
resin as an approach of carrying out creation, without depending the shape of special surface type, such 
as the spherical surface and the aspheric surface, on die forming or polish is proposed. As the example, 
on the front face of the substrate ingredient which should form the shape of special surface type of the 
desired three-dimensional structure, apply photosensitive ingredients (photoresist etc.) to 
predetermined thickness, and an ingredient layer is formed. Corresponding to the shape of above 
mentioned special surface type, light transmittance exposes the mask pattern of predetermined light 
transmittance distribution (optical intensity distribution) in the above-mentioned photosensitive 
ingredient layer using the mask for exposure which changes gradually. The approach of making the 
thickness of the above-mentioned photosensitive ingredient layer change according to the shape of 
target special surface type, and forming the shape of surface type of the three-dimensional structure is 
learned (For example, creation of the shape of special surface type using a gradation mask and the 
manufacture approach given in JP.7-2301 59.A and JP.9-1 46259.A which this invention persons 
proposed previously, and a gradation mask approach) . Since this approach is very excellent as the 
curved-surface formation approaches, such as a micro lens, and can form a desired curved-surface 
configuration with a very sufficient precision as the shape of surface type of a photosensitive* irfred.ent 
layer by exposure of the mask pattern using the gradation mask (concentration distribution mask) as a 
mask for exposure and can imprint this curved-surface configuration with a precision sufficient as the 
shape of surface type of a substrate by anisotropic etching, it can form a desired curved-surface 
configuration with a sufficient precision. 

[0003] However, although the special surface type-like generating approach using a gradation mask has 
many points of having excelled as the curved-surface formation approach of optical elements, such as a 
micro lens The gradation mask from which light transmittance changes gradually on the other hand 
corresponding to the shape of special surface type A mask pattern is exposed in a photosensitive 
ingredient layer using (for example, a gradation mask given in JP.9-146259.A). Since it is exposed as a 
discontinuity configuration also in case the thickness of a photosensitive ingredient layer .s made to 
change according to the shape of target special surface type, and the discontinuous part of the light 
transmittance distribution curve in a mask is exposed by the photosensitive ingredient layer, there is a 
problem that a discontinuity configuration (level difference) is imprinted by the front face of a 
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photosensitive ingredient layer. Then, the approach of adding more light absorption ingredients as an 
approach of solving the above-mentioned trouble, using a photosensitive ingredient with blunt sensibility 
was required. Moreover, in the semi-conductor field, although the technique which carries out patterning 
using the mask for exposure could be set in the semi-conductor field and it was used, since it was the 
purpose to arrange the existence of the Rhine pattern two-dimensional, controlling the three-dimension 
configuration which changes in the height direction with high precision was not performed. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned 
situation, and it aims at offering the optical element formed by the generating approach of the shape of 
new special surface type, and its generating approach. And in order to solve the conventional problem at 
the time of carrying out creation of the shape of special surface type using masks for exposure, such as 
a gradation mask (concentration distribution mask), in this invention, ** In case the discontinuous part 
of the light transmittance distribution curve in a mask is exposed by the photosensitive ingredient layer, 
make it a photosensitive ingredient layer not imprint as a discontinuity configuration (level difference). 
** Carry out smoothing of the light transmittance distribution two-dimensional on the amount of light 
transmission in the unit cell which forms a light transmittance distribution curve, i.e., the mask for 
exposure, ** The light transmittance of masks for exposure, such as a concentration distribution mask 
Since the height of a photosensitive ingredient layer will also become monochrome concentration 
information on (quantity and low) if it is monochrome arrangement when it observes microscopically for 
every unit cell, and it exposes as it is The approach of carrying out a configuration imprint with high 
precision is proposed without dropping the sensibility of preventing this and ** photosensitivity 
ingredient, or making an ingredient change at a photosensitive ingredient with blunt sensibility, ** It is 
making into the technical problem to control the three-dimensions configuration which changes in the 
height direction continuously smoothly with high precision, and to offer the optical element which has 
the shape of special surface type which changes in the ** height direction continuously smoothly. 
[0005] 

[Means for Solving the Problem] On the front face of the substrate ingredient which should form the 
shape of special surface type of the desired three-dimensional structure, this invention applies a 
photosensitive ingredient to predetermined thickness, and forms a photosensitive ingredient layer. 
Corresponding to the shape of above-mentioned special surface type, light transmittance exposes the 
mask pattern of predetermined light transmittance distribution (optical intensity distribution) in the 
above-mentioned photosensitive ingredient layer using the mask for exposure which changes gradually, 
the creation of the shape of special surface type the thickness of the above-mentioned photosensitive 
ingredient layer is made to change according to the shape of target special surface type — an approach 
and the creation of the shape of the special surface type — it is related with the optical element 
manufactured by the approach. 

[0006] the creation of the shape of special surface type concerning this invention — by the approach, 
the permeability which applied the photosensitive ingredient to predetermined thickness, formed the 
photosensitive ingredient layer as mentioned above on the front face of the substrate ingredient which 
should form the shape of special surface type of the desired three-dimensional structure, and was 
beforehand designed by the special approach corresponding to the shape of target special surface type 
exposes a mask pattern in a photosensitive ingredient layer using the mask for exposure which changes 
gradually. The pattern exposed here is a three-dimension pattern formed with the above-mentioned 
mask for exposure. The above-mentioned mask for exposure is given with the function called for 
experimentally from the "sensitivity curve" of the photosensitive ingredient applied to the substrate 
ingredient front face, and the relation of the "amount of light energies" of each unit cell which 
constitutes the mask for exposure. Here, it means that a "sensibility property" and the "amount of light 
transmission" of a photosensitive ingredient change asking experimentally with process conditions. That 
is, it means that the functions which will be given if a process condition parameter is changed also differ. 
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The "sensitivity curve" of a photosensitive ingredient is fundamentally determined due to the optical 
exposure energy to a photosensitive ingredient, and the photosensitive component of an ingredient. 
However, it is the curve (namely, function) changed according to photolithography conditions, exposure 
conditions, development conditions, or baking conditions at the time of patterning etc. Moreover, since 
an absorption-of-light multiplier changes with molecular structures by which the amount of light 
transmission is contained in a photosensitive ingredient, in case light advances the inside of a 
photosensitive ingredient, light energy (quantity of light) decreases according to the depth. That is, the 
thickness (depth) and the amount of exposure light energies of a photosensitive ingredient have the 
relation of an inverse proportion. Therefore, if "light transmittance" of the mask for exposure and the 
"sensibility" (rate of light absorption) of a photosensitive ingredient are combined from experimental 
data, it will become possible to form the light energy distribution which has distribution in the thickness 
direction of a photosensitive ingredient. 

[0007] By the above-mentioned approach, this invention aims at forming the structure with which 
forming the photosensitive ingredient of a certain height (thickness) as a two-dimensional Rhine pattern 
has the pattern nature controlled in the not the purpose but shape of special surface type of the three 
dimensional structure, i.e.. the height direction, like a semi-conductor process. And it sets to the 
generating approach of the shape of special surface type of the three-dimensional structure of making 
the thickness of a photosensitive ingredient layer changing with above-mentioned approaches. If a mask 
pattern is exposed as it is by stepper exposure, alignment exposure, etc. at the time of exposure of the 
mask pattern to a photosensitive ingredient layer Monochrome concentration information on the unit cell 
of the mask for exposure will be imprinted in a photosensitive ingredient layer as it is, and it becomes 
the two-dimensional array of Rhine - and - tooth space like [ at the time of patterning of a semi- 
conductor ], so that the engine performance of a stepper aligner etc. is high. 

[0008] So. in this invention, the approach of defocusing a focus intentionally is adopted as the light 
energy distribution manufacture approach of the direction of a three dimension of the pattern at the 
time of exposure. That is. in case the pattern of the mask for exposure is exposed to the photosensitive 
ingredient layer on a substrate, it defocuses (****** carrying out), focal dotage of the exposure pattern 
is carried out slightly, and the level difference of light transmittance distribution of a mask pattern is 
canceled (claims 1 and 3). 

[0009] Moreover, as an option, by this invention, in case light transmittance exposes a pattern in the 
photosensitive ingredient layer on a substrate using the mask for exposure which changes gradually, the 
level difference of light transmittance distribution is canceled by exposing a mask pattern by the 
diffused light (claim 2). There is the approach of arranging the optical element which adds an oblique- 
incidence component to a part for Mitsunari which is made to diffuse exposure light and carries out 
incidence to the unit cell of the mask for exposure in the opposite side as an example of the method 
which exposes a mask pattern by the diffused light at the field, i.e.. optical incidence of exposure, side 
by the side of the light source with the pattern formation side of the mask for exposure used at the time 
of exposure. In case the pattern of the mask for exposure is exposed to a photosensitive ingredient 
layer, with the pattern formation side of the mask for exposure, an optical diffused-light study 
component is arranged to the field by the side of the light source in the opposite side, and, more 
specifically, the level difference of light transmittance distribution of a mask pattern is canceled by 
exposing a mask pattern by the diffused light (claim 4). here , as for the oblique incidence component for 
Mitsunari which carry out incidence to the mask for exposure . it be possible to make it change with the 
optical designs of an optical diffused light study component ( diffuser ) . and whenever [ target oblique 
incidence component . i.e. , diffusion angle . ] can be manage with very sufficient repeatability by change 
the regular properties ( the pitch of the fine structure , height . pattern width of face , refractive index 
of an ingredient , etc. ) of a diffuser . Moreover, in case the light which has the diffusion component 
which passed the diffuser passes through the inside of the mask for exposure and it arrives at a pattern 
side, the light of an oblique-incidence component is diffracted on the pattern boundary of a unit cell. 
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respectively, and reaches a photosensitive ingredient. Therefore, the level difference of the digital 
pattern of the mask for exposure is cancelable. 

[001 0] Furthermore, as an option, by this invention, in case the pattern of the mask for exposure is 
exposed to the photosensitive ingredient layer on a substrate, as the diffused-light generating approach, 
the functional film for optical diffusion which has a light transmission function in the field of the opposite 
side is arranged, and the level difference of light transmittance distribution of the above-mentioned 
mask pattern is canceled by exposing a mask pattern by the diffused light with the pattern formation 
side of the above-mentioned mask for exposure (claim 5). More specifically, the functional film for 
optical diffusion is formed in the field of the opposite side with the pattern formation side of the mask 
for exposure by "the manufacture approach (Japanese Patent Application No. No. 294346 [ three to ], 
Japanese Patent Application No. No. 297400 [ three to ]) of the birefringence film by plasma vacuum 
deposition etc." by these people etc. Optical diffusibility ability (the amount of birefringences) can be 
changed by having thin film composition of at least three or more layers so that it may have an optical 
diffusion function while this functional film for optical diffusion has a light transmission function, 
penetrating efficiently the light which carries out incidence to a mask substrate, and changing thickness 
and the membrane formation matter again. Therefore, in case the light which has the diffusion 
component which passed the functional film for optical diffusion passes through the inside of the mask 
for exposure and it arrives at a pattern side, the light of a diffusion component is diffracted on the 
pattern boundary of a unit cell, respectively, and reaches a photosensitive ingredient. Therefore, the 
level difference of the digital pattern of the mask for exposure is cancelable. 

[001 1] As an option, by this invention, in case the pattern of the mask for exposure is exposed to a 
photosensitive ingredient layer, as the diffused-light generating approach, the thin functional film for 
optical diffusion which has a light transmission function in the pattern formation side of the above- 
mentioned mask for exposure is arranged, and the level difference of light transmittance distribution of 
the above-mentioned mask pattern is canceled by exposing a mask pattern by the diffused light further 
again (claim 6). More specifically, the functional film for optical diffusion is formed in the pattern 
formation side of the mask for exposure by "the manufacture approach (Japanese Patent Application 
No. No. 294346 [ three to ] f Japanese Patent Application No. No. 297400 [ three to ]) of the 
birefringence film by plasma vacuum deposition etc." by these people etc. Optical diffusibility ability (the 
amount of birefringences) can be changed by having thin film composition of at least three or more 
layers so that it may have an optical diffusion function while this functional film for optical diffusion has 
a light transmission function, penetrating efficiently the light which penetrated the pattern side of a 
mask substrate, and changing thickness and the membrane formation matter again. Therefore, since the 
light which passed through the pattern side of the mask for exposure reaches a photosensitive 
ingredient as a light which penetrates the functional film for optical diffusion and has a diffusion 
component, it can cancel the level difference of the pattern of the mask for exposure. Moreover, since 
the functional film for optical diffusion is formed in the pattern formation side of the mask for exposure 
in this case, as compared with claim 5, a thin thin film realizes the same function. In addition, by the 
approach of above-mentioned claim 5 or claim 6, although the functional film for optical diffusion is 
arranged to the field of one side of the mask for exposure as the diffused-light generating approach, the 
functional film for optical diffusion which has a light transmission function to both sides of the mask for 
exposure may be arranged (claim 7). 

[0012] the creation of the shape of special surface type of this invention — in an approach, the reticle 
mask to which the concentration distribution mask (gradation mask) which has the mask pattern from 
which light transmittance changes gradually as a mask for exposure corresponding to the shape of 
special surface type, or the above-mentioned concentration distribution mask was expanded with the 
predetermined dilation ratio can be used (claim 8). Here as a concentration distribution mask (gradation 
mask) "** Form the film of a metal and/or a metallic oxide on a transparence substrate, divide this film 
into two or more unit cells, and control the area of opening in each unit cell (light transmission field). 
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What [ was set up so that the area of the light transmission field of each unit cell might make 
predetermined light transmittance distribution corresponding to the shape of special surface type made 
into the purpose ]" "** On a transparence substrate, thickness forms the film which changes gradually 
with a metal and/or a metallic oxide, and changes. What was set up so that predetermined light 
transmittance distribution might be made corresponding to the shape of special surface type which 
controls the thickness of this film for every unit cell, and change of the thickness of the whole and each 
unit cell makes the purpose", and ** "as an approach of controlling the amount of light transmission of 
each unit cell With the optical exposure method shown in JP.7-230159.A by this invention persons in 
order to give the overall light transmission quantity of light distribution corresponding to a des.red 
configuration There are "light transmission area", "a thing which enabled it to manufacture a gradation 
mask suitably with a synthetic combination of light transmittance (Cr thickness)"", etc. of the l.ght^ 
which penetrates each unit cell. For example, the gradation mask indicated as a type of ** by JP.9 
146259 A by this invention persons can be changed suitably, and can be used. Moreover, although th.s 
concentration distribution mask is produced by actual size to the shape of desired surface type and the 
mask pattern of actual size is exposed to a photosensitive ingredient layer by the alignment exposing 
method or the stepper exposing method of actual size In using the expansion concentration distribution 
mask (reticle mask) which was designed with the predetermined dilation ratio to the shape of des.red 
surface type, and was produced by which method of the above-mentioned **, **. and ** The stepper 
exposing method which carries out contraction exposure of the mask pattern of a reticle mask w.th the 
stepper aligner of a contraction exposure type at a photosensitive ingredient layer is employable. 
[0013] Furthermore in the generating approach of the shape of special surface type of this invention, a 
photoresist or a photo-setting resin can be used as the above-mentioned photosensitive ingred.ent 
(claim 9). Here, in using a photoresist as a photosensitive ingredient, after exposing the mask pattern 
which has optical predetermined three dimension intensity distribution with the above-mentioned 
concentration distribution mask or a reticle mask to the photoresist layer applied to the front face of a 
substrate ingredient, it carries out patterning of the photoresist layer to the desired three-dimensional 
structure at it through processes, such as development, a rinse or postexposition jar BEKU, and resist 
hardening processing, (claim 10). moreover, as a photosensitive ingredient, in using a photo-setting resm 
(resin hardened by the exposure of the light, ultraviolet radiation, or infrared light) Apply a liquefied 
photo-setting resin to the front face of a substrate ingredient, and a photo-setting resin layer exposes 
the mask pattern which has optical predetermined three dimension intensity distribution with the above- 
mentioned concentration distribution mask or a reticle mask in the condition of having a fluidity. Stiffen 
a photo-setting resin layer gradually from a front-face side by the irradiation time of exposure, fluid 
control by light exposure and heating, etc.. the front face of the above-mentioned resin layer is made to 
deform by the volume decrease of a photo-setting resin and flow accompanying hardening, and 
patterning is carried out to the desired three-dimensional structure (claim 11). 

[0014] In this invention, after making the thickness of the above-mentioned photosensitive ingredient 
layer change according to the shape of special surface type made into the purpose, anisotropic etching 
can be performed to the above-mentioned photosensitive ingredient layer and a substrate, and a 
substrate front face can be engraved with the shape of surface type of the above-mentioned 
photosensitive ingredient layer, and furthermore, it can move by the generating approach of the shape of 
any of the claims 1-8. or special surface type one publication, and can imprint (claim 12). Moreover, by 
setting a selection ratio (**** rate of the **** rate / photosensitive ingredient layer of a substrate) as 
values other than one. in case the above-mentioned anisotropic etching is performed, by the difference 
of elevation of the shape of toothing which a start configuration has being expandable, or being able to 
reduce, also being able to imprint to a substrate, changing a selection ratio in time, and controlling the 
temporal response of a selection ratio, a start configuration can be deformed into a desired 
configuration and can also be imprinted. And if such an approach is used, the aspheric surface etc. can 
be formed easily, for example. Moreover, unlike the approach by die forming or polish, since formation of 
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a very small curved surface is also possible, it is suitable as the formation approach of the refracting 
interface configuration of the micro optical element which makes a micro lens the start, or a reflector 
configuration. 

[0015] the creation of the shape of special surface type which mentioned the optical element of this 
invention above — it is obtained using an approach by forming an optical curved surface in a 
photosensitive ingredient layer or a substrate ingredient front face (claim 1 3). Under the present 
circumstances, the above-mentioned optical curved surface can consist of the spherical surface, the 
aspheric surface, or a continuation side like a cone configuration. Moreover, the above-mentioned 
optical curved surface can also consist of a continuation side and surface of discontinuity like the 
Fresnel configuration. Furthermore, by using the above-mentioned optical curved surface as the 
refracting interface of light transmission nature, it can function as optical elements, such as a lens and 
prism, and various transparency mold optical elements, such as a micro lens, a microHens array (MLA), 
prism, a prism array, and a Fresnel lens, are obtained. Moreover, a reflective mold optical element is 
obtained by forming the reflective film in the above-mentioned optical curved surface by approaches, 
such as vacuum evaporationo, and considering as a reflector. 
[0016] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a detail 
with reference to a drawing. Drawing 1 is the process explanatory view showing 1 operation gestalt of 
the generating approach of the shape of special surface type concerning this invention. In drawing 1 (a), 
a sign 10 is a substrate which consists of a glass metallurgy group, resin, etc., a photosensitive 
ingredient is applied to the front face of this substrate, and the photosensitive ingredient layer 1 1 is 
formed. Here, the case where a photoresist is used as an example of a photosensitive ingredient is 
explained. After this photoresist 1 1 is applied to a substrate 10, baking of it is carried out and it serves 
as a resist layer. In addition, the photoresist used in the example of drawing 1 is the thing of a positive 
type. 

[0017] Next, the flux of light LF of the mask pattern which had optical three dimension intensity 
distribution like illustration by the predetermined approach using the mask for exposure is exposed to 
the photoresist layer 1 1 formed on the substrate 10 as shown in drawing 1 (b). The concentration 
distribution mask which has the mask pattern from which light transmittance changes gradually as this 
mask for exposure, for example corresponding to the shape of desired surface type (gradation mask). 
The reticle mask to which the above-mentioned concentration distribution mask was expanded with the 
predetermined dilation ratio is used. Or as the exposure approach The approach of carrying out stepper 
exposure at a photoresist layer using the concentration distribution mask produced by actual size to the 
shape of desired surface type, The alignment exposing method which this mask is made to stick or 
approach a photoresist layer, and exposes it, Or there is the stepper exposing method which carries out 
contraction exposure of the mask pattern at a photoresist layer with a stepper aligner using the reticle 
mask produced with the predetermined dilation ratio to the shape of desired surface type. In addition, 
about the detail of a concentration distribution mask or the exposure approach, it mentions later. 
[0018] Postexposition jar BEKU (PEB) processing of the photoresist layer 1 1 is carried out after 
development and a rinse after exposure of the above-mentioned mask pattern, and patterning of the 
photoresist layer 1 1 is carried out in three dimension according to the shape of desired surface type. If 
this patterning process is completed, as shown in drawing 1 (c), the shape of surface type corresponding 
to the optical intensity distribution at the time of exposure (configuration where a part with less light 
exposure has the thicker thickness of a resist layer) will be formed of the resist layer 1 1 . Next, the 
shape of surface type of the three-dimensional structure as shown in drawing 1 (d) is formed in a 
substrate front face by performing an etching process, performing anisotropy dry etching of a 
predetermined selection ratio to the resist layer 1 1 and substrate 10 which had the shape of desired 
resist surface type formed, carving the shape of surface type of the resist layer 1 1 as the shape of 
surface type of a substrate 10, moving it, and imprinting it. in addition, in this etching process, when the 
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selection ratio of the above-mentioned anisotropic etching is set up more greatly (namely, the **** rate 
of a substrate 10 more greatly than the **** rate of the resist layer 11) than 1 difference-of-elevation 
[ of the shape of surface type in the resist layer 11]: — difference-of-elevation:H of the shape of 
surface type of a substrate 10 which had the shape of above-mentioned surface type imprinted to h — 
being large (H>h) — it becomes 1, then H=h about a selection ratio, and it will become H<h if a selection 
ratio is set up smaller than 1 . 

[0019] The example of drawing 1 is an example in which the curved-surface configuration 12 of a 
convex which consists of the spherical surface or the aspheric surface was formed on the substrate 
front face, by using the above-mentioned curved surface as a refracting interface using the optical 
substrate which consists of a glass substrate transparent as a substrate 10, or a resin substrate, can be 
used as optical elements 13, such as a micro lens, and can form a micro-lens array here by forming two 
or more these curved-surface configurations in-dimensional [ 1 ] or a two-dimensional array array. 
Moreover, if the reflective film is formed by vacuum evaporationo, sputtering, etc. on the above- 
mentioned curved-surface configuration, a reflective mold optical element will be obtained. 
[0020] Next, drawing 2 is the process explanatory view showing another operation gestalt of the 
generating approach of the shape of special surface type concerning this invention. In drawing 2 (a), a 
sign 14 is a substrate which consists of a glass metallurgy group, resin, etc., a photosensitive ingredient 
is applied to the front face of this substrate, and the photosensitive ingredient layer 15 is formed. Here, 
the case where the photo-setting resin (resin hardened by the exposure of the light, ultraviolet radiation, 
or infrared light) to which the volume decreases with hardening as an example of a photosensitive 
ingredient is used is explained. Although spreading to the substrate 14 of this photo-setting resin can be 
performed by the roll coat method, the spin coat method, or the dipping method, it is desirable after 
spreading formation of the resin layer 15 by the photo-setting resin to raise the fluidity of the resin in 
this resin layer 15, and to graduate the front face of the resin layer 15 so that the front face of the 
formed resin layer may turn into a flat surface without a wave etc. 

[0021] Next, the flux of light LF of the mask pattern which had optical three dimension intensity 
distribution like illustration by the predetermined approach using the mask for exposure is exposed to 
the resin layer 15 formed on the substrate 14 as shown in drawing 2 (a). The concentration distribution 
mask which has the mask pattern from which light transmittance changes gradually as this mask for 
exposure, for example corresponding to the shape of desired surface type (gradation mask), The reticle 
mask to which the above-mentioned concentration distribution mask was expanded with the 
predetermined dilation ratio is used. Or as the exposure approach The approach of carrying out stepper 
exposure at a resin layer using the concentration distribution mask produced by actual size to the shape 
of desired surface type, The stepper exposing method which carries out contraction exposure is in a 
resin layer about a mask pattern with a stepper aligner using the reticle mask produced with the 
predetermined dilation ratio to the desired shape of the alignment exposing method which this mask is 
made to stick or approach a resin layer, and exposes it, or surface type. In addition, about the detail of a 
concentration distribution mask or the exposure approach, it mentions later. Moreover, as the light 
source for exposure, it is suitably chosen by the class and the exposing method of a photo-setting resin, 
and there are various lamps, such as an ultraviolet ray lamp, a halogen lamp, and an infrared lamp, the 
various laser light sources of an ultraviolet region - infrared region, etc.. for example, if a photo-setting 
resin is ultraviolet-rays hardening resin, the ultraviolet-rays light sources, such as the laser light source 
of ultraviolet ray lamps, such as a mercury-vapor lamp and a metal halide lamp, or an ultraviolet region, 
will be used as the light source. 

[0022] Drawing 2 (b) is drawing the condition in the comparatively early stage after exposure process 
initiation. If the exposure of the flux of light LF of optical predetermined intensity distribution is received, 
hardening will start the resin layer 15 from a front-face side. In drawing 2 (b), sign 15a shows the 
hardened resin part, and since hardening progresses in the optical intensity distribution of the exposure 
flux of light LF in a part with larger reinforcement, the configuration of hardened resin partial 15a 
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becomes a thing like illustration. As for the photo-setting resin which constitutes the resin layer 15, the 
volume decreases with hardening. That is, the resin which constitutes the resin layer 15 is contracted 
with hardening. The part (part which performed hatching) shown by sign 15b in drawing 2 (b) shows the 
volume part which decreased in connection with resin partial 15a by the side of a resin layer front face 
having hardened from the condition of drawing 2 (a). 

[0023] Since the resin which constitutes the resin layer 15 is in a flow condition when an exposure 
process is performed, if the volume decrease by contraction arises as mentioned above, a flow will arise 
so that resin partial 15c in the flow condition of not hardening may be compensated for the above- 
mentioned volume decrease (the arrow head in drawing shows the situation of this flow as an 
explanatory view). If time amount furthermore passes, resin partial 1 5a hardened in the resin layer will 
grow by hardening, and will become the **** configuration shown in drawing 2 (c). Sign 15b shows the 
volume part which decreased with hardening like the above, and the arrow head in drawing shows the 
flow condition of resin partial 15c which is not hardened [ which is going to compensate volume partial 
15b which decreased ]. Here, advance of hardening in a part with the strong optical reinforcement of the 
exposure flux of light LF is quick, and since reduction of the volume accompanying hardening is also 
large, the inflow of the resin from a perimeter is also large. For this reason, in the part in which the flux 
of light with optical large reinforcement was irradiated, in the part in which the taper bundle was 
relatively irradiated about surrounding optical reinforcement from the perimeter to the inflow of resin 
always being performed, when resin flows into the Takamitsu part on the strength, a resin layer front 
face falls relatively. 

[0024] Thus, exposure is performed continuously, and if the resin which constitutes the resin layer 15 
hardens completely, as shown in drawing 2 (d), hardened resin layer 15A will become the curved-surface 
configuration of the convex according to the optical intensity distribution of the exposure flux of light LF 
of the mask pattern used at the exposure process. Then, if a transparent photo-setting resin is used in 
the state of hardening, the curved surface of such a convex can be used as for example, a convex lens 
side (refracting interface of a convex). Moreover, if [ whose distribution of the optical reinforcement of 
the mask for exposure in an exposure process is / like drawing 4 (a-1) ] according to these optical 
intensity distribution, it can be made a thing as shows the configuration of hardened resin layer 1 5B to 
drawing 4 (a-2), and distribution of optical reinforcement that it comes like drawing 4 (b-1), and is a 
thing According to these optical intensity distribution, it can be made ******** which shows the 
configuration of hardened resin layer 1 5C to drawing 4 (b-2). That is, as the shape of surface type of 
the hardened resin layer, various gestalten, such as a convex and a concave surface, are possible by the 
pattern design of the mask for exposure. Moreover, when it sees in three dimension, the field from which 
curvature differs in the shape of a cylindrical shape and the direction which intersects perpendicularly 
mutually of the configuration and convex of axial symmetry, or concave can be formed. 
[0025] In drawing 2 (d), although the photo-setting resin layer curved-surface-ized by hardening in the 
front face on the substrate 14 is usable as a convex lens side etc. as it is, it can imprint the shape of 
surface type of resin layer 15A to a substrate 14 by anisotropic etching. Drawing 3 (a) shows the 
condition of having formed layer 1 5A of the photo-setting resin curved-surface-ized in the front face by 
the process shown in drawing 2 on the substrate 14. As anisotropic etching of a predetermined selection 
ratio is performed to resin layer 15A and the substrate 14 which were hardened and it is shown in 
drawing 3 (b) from the condition of this drawing 3 (a), the shape of surface type of resin layer 1 5A can 
be imprinted to a substrate 14. Moreover, it is also possible by adjusting a selection ratio in the case of 
etching to also expand difference-of-elevation:H in the curved-surface configuration 16 imprinted by 
the substrate 1 4 to difference-of-elevation:h of the curved-surface configuration of a resin layer 1 5A 
front face and to reduce. 

[0026] Next, an example of the concentration distribution mask (gradation mask) used at the exposure 
process in the production process shown in drawing 1 or drawing 2 , its manufacture approach, and the 
exposure approach using the gradation mask is explained. Drawing 5 is drawing for explaining an example 
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of a gradation mask, and is the top view expanding and showing some gradation masks 17. This gradation 
mask 17 forms the light-shielding film which becomes transparence substrates, such as parallel 
monotonous glass, from metal metallurgy group compounds, such as chromium (Cr). etc. by vacuum 
evaporationo etc., and it is set up so that patterning of this light-shielding film may be carried out. it 
may come to arrange the minute light transmission section and the area of each light transmission 
section may make predetermined light transmittance distribution. In drawing 5 , in order to make 
explanation easy to simplify and understand, the lined-off part shows the case of the square field of 
magnitude whose one side is about several micrometers. Although it is needless to say, it is not 
necessary to be a square-like. The light transmission section AP with a rectangle configuration minute 
as an example is formed in each unit cell by using this square field as a unit cell. Although it is needless 
to say also here, the above-mentioned light transmission section can be made to form by the shape of a 
polygon which does not need to be a rectangle configuration and includes a circle configuration. Since 
the quantity of light which penetrates this light transmission section AP is proportional to the area of 
the light transmission section AP, as shown in drawing, the amount of transmitted lights can form the 
two-dimensional permeability distribution which changes gradually by changing the area of the light 
transmission section AP of a rectangle configuration two-dimensional, and arranging a unit cell, for 
example. 

[0027] Here, when forming the shape of special surface type of the three-dimensional structure of 
requests, such as a micro-lens array for liquid crystal, by the production process as shown in drawing 1 
as an example, as a photosensitive ingredient applied on the substrate ingredient front face which should 
form the shape of the special surface type, a commercial photoresist ingredient (Tokyo adaptation Make 
TGMPR- 950 (trade name)) etc. is used, for example. First, the relation between the optical dose of a 
resist ingredient and the amount of resist removal is grasped, and a sensitivity curve is searched for. 
Subsequently, the gradation mask used as a model is designed and manufactured corresponding to the 
shape of surface type of the desired three-dimensional structure. This gradation mask consists of unit 
cells divided into the square like an example shown in drawing 5 . it is designed two-dimensional so that 
the light transmission field in each unit cell may serve as permeability distribution according to the 
shape of desired surface type, and the amount of light transmission in each unit cell is controlled. 
[0028] Here as the control approach of the light transmittance of the unit cell which constitutes a 
gradation mask The approach of controlling the opening area of **Cr film, when Cr film is formed in 
transparence substrates, such as quartz glass, as a light-shielding film, the approach of controlling the 
thickness of **Cr film. Or ** "in order to give the overall light transmission quantity of light distribution 
corresponding to a desired configuration as an approach of controlling the amount of light transmission 
of each unit cell Although there are the "light transmission area" and the "approach of manufacturing a 
gradation mask suitably with a synthetic combination of light transmittance (Cr thickness)"" of the light 
which penetrates each unit cell with an optical exposure method, it carries out by the approach of ** as 
an example here. That is, as the manufacture approach of the gradation mask of the above unit-cell 
configurations, on transparence substrates, such as quartz glass. Cr film with a thickness of 200nm is 
formed by vacuum evaporationo etc.. a photosensitive positive-resist ingredient is applied on this, and 
mask BURANKUSU is formed first. And patterning is carried out two-dimensional so that it may become 
permeability distribution of the "light transmission area" of the light which irradiates a light beam with 
light beam irradiation equipment, and penetrates each unit cell, and the configuration of a request with a 
synthetic combination of "light transmittance (Cr thickness)" to the resist ingredient layer of above- 
mentioned mask BURANKUSU. Here, as light beam irradiation equipment, using a proprietary laser light 
irradiation device (laser drawing equipment) as shown in drawing 7 . laser light is irradiated at the above- 
mentioned resist ingredient layer, and a mask pattern is drawn. 

[0029] The laser light irradiation device shown in drawing 7 The control device which controls the beam 
splitter 2 which divides the laser light from the laser light sender 1 and the laser light sender 1 into two 
or more laser light, the mirror 3 which bends the optical path of laser light, the optical modulator which 



-12- 



modulates laser light, and an optical modulator (with the signal from a data path 5) ON of each laser light, 
and OFF 4 and laser light to control The optical deflector and optical deflector to deflect It consists of 
main component parts, such as the optical interferometer 9 which controls actuation of the objective 
lens 7 for condensing the control device 6 to control and laser light in a resist ingredient layer, X-Y 
stage 8 which moves laid mask BURANKUSU in the direction of X, and the direction of Y, and X-Y stage 
8. A desired mask pattern is drawn in the resist ingredient layer of mask BURANKUSU by controlling 
actuation of X-Y stage 8, ON of each laser light and OFF according to a design data. That is, patterning 
is carried out two-dimensional so that laser light may be irradiated with a laser light irradiation device at 
a resist ingredient layer and it may become permeability distribution of a request of a light transmission 
field or a protection-from-light field for every unit cell. Moreover, in this case, the exposure of laser light 
is controlled according to permeability distribution of each unit cell calculated according to the shape of 
desired special surface type, and the area of the light transmission field in each unit cell is controlled. 
[0030] And the resist ingredient part by which laser light was irradiated with this laser light irradiation 
device is removed by the next development and the rinse process, and a mask pattern is formed in a 
resist ingredient layer. Next, the gradation mask which has desired two-dimensional transmission 
distribution dry cleaning or by carrying out wet etching is obtained in Cr film by using as an etching 
mask this resist ingredient layer by which patterning was carried out. 

[0031] Since the part from which **Cr film (light-shielding film) was removed, the part to which **Cr 
film becomes thin, and the part (protection-from-light field) in which **Cr film remains are formed, one 
unit cell can be made to characterize and constitute as these synthetic amounts of light transmission 
within the unit cell of the gradation mask by which patterning was carried out by the above approaches. 
Therefore, the gradation mask of a configuration of that the light which penetrated the mask pattern has 
the optical three dimension intensity distribution corresponding to the shape of special surface type is 
obtained by constituting a mask pattern from two or more unit cells, designing two-dimensional so that 
the light transmission field in each unit cell may serve as permeability distribution according to the 
shape of desired special surface type, and controlling the amount of light transmission of each unit cell. 
Moreover, if a mask pattern is expanded, designed and manufactured with a predetermined dilation ratio 
at the time of the above-mentioned design, the reticle mask (expansion mask) used with the below- 
mentioned stepper aligner will be obtained. 

[0032] By the way, since the amount of removal of a photosensitive ingredient changes with light 
exposure, the amount of defocusing, and light transmittance of a unit cell in case patterning of a 
photosensitive ingredient layer is performed using the above gradation masks, a sensitivity curve is 
created for every above-mentioned process conditions. That is, it is one function (it expresses as the 
amount of removal, and light transmittance (pattern No.), and the area of the light transmission field in 
each unit cell of a gradation mask, Cr thickness, etc. are determined.) about the relation characterized 
by light transmittance and the amount of removal of a photosensitive ingredient. In addition, the above 
"sensitivity curve (the amount of removal and light transmittance (pattern No.)" are convertible for a 
formula by graph-izing the above-mentioned relation and function-izing it.) And based on the above- 
mentioned formula, the relation of "the amount of survival of a photosensitive ingredient ("thickness of 
a photosensitive ingredient layer" - "amount of removal")" is mathematized as "the height of the shape 
of target surface type (for example, micro lens)." Subsequently, relation between a "lens arrangement 
location" and "lens height (the amount of resist survival)" is clarified on CAD of a computer. 
Furthermore, this is developed and it transposes to a "lens arrangement location" and the relation of 
the "unit-cell number" of a mask. Next, CAD data are data-ized, it sets to the computer of the control 
section of a laser light irradiation device, laser light is irradiated one by one at mask BURANKUSU, and a 
mask pattern is drawn. And if this is etched after carrying out a rinse, development and, the target 
gradation mask with which the unit cell of the "unit-cell number" corresponding to a desired lens 
configuration was regularly located in a line with the "lens arrangement location" can be manufactured. 
It follows, thus the gradation mask (or reticle mask) corresponding to the shape of surface type of the 
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target three-dimensional structure is designed and manufactured. 

[0033] Next, the exposure approach using the gradation mask manufactured by the above-mentioned 
approach is described. The gradation mask which has arranged regularly the unit cell which has the 
above properties is manufactured, and a mask pattern is exposed by the predetermined approach to the 
photosensitive ingredient layer formed on the substrate which should form the shape of desired special 
surface type. Under the present circumstances, as the exposure approach, as are shown in drawing 8 , 
and shown in the method using the aligner which projects and exposes the mask pattern of the 
gradation mask 25 by abbreviation actual size in the photosensitive ingredient layer 27 on a substrate 26, 
and drawing 9 To the photosensitive ingredient layer 27 on a substrate 26, it sticks or approaches, the 
gradation mask 28 is arranged, and there is an alignment exposure method which irradiates the flux of 
light BF of uniform optical intensity distribution from the tooth back of a mask. Further as a mask for 
exposure There is a stepper exposure method which carries out contraction exposure of the mask 
pattern using the stepper aligner of a configuration as shown in drawing 10 using the gradation mask 
expanded and formed with the predetermined dilation ratio to the shape of target surface type. i.e.. a 
reticle mask. 

[0034] Here, when the alignment and the contact aligner of drawing 8 and drawing 9 are used, after the 
flux of light emitted from the light source 21 was formed into the parallel flux of light with the collimate 
lens 22. and a vertical lower part bends an optical path by the mirror 23, it carries out incidence to the 
beam expander 24 and being expanded to the magnitude of a request of the diameter of the flux of light, 
the gradation mask 25 is passed. Since this gradation mask 25 has the permeability distribution for 
making desired distribution the optical intensity distribution of transmitted light flux as mentioned above, 
the flux of light which has desired optical intensity distribution is irradiated by the photosensitive 
ingredient layer 27 on a substrate 26, and a mask pattern is exposed. In the case of this exposure 
method, the exposure conditions of a mask pattern differ in the distance d of the gradation mask 25 and 
the photosensitive ingredient layer 27. Although the optical intensity distribution of the flux of light 
exposed by the photosensitive ingredient layer 27 will also become gradual according to gradual 
permeability distribution of the gradation mask 25 when the distance d of the gradation mask 25 and the 
photosensitive ingredient layer 27 is close When only a predetermined distance (the amount of 
alignment) separates the distance d of the photosensitive ingredient layer 27 from the gradation mask 
25, a mask pattern will be exposed by diffraction operation of light in the condition [ ************ ]. 
and the level difference of optical intensity distribution can be canceled. 

[0035] in addition, in the aligner of drawing 8 , the light source 21 is suitably chosen according to the 
class of photosensitive ingredient layer 27. and when the photosensitive ingredient layer 27 is a 
photoresist The laser light source and the source of a lamp light of a wavelength region according to the 
sensibility of the photoresist are used, and when the photosensitive ingredient layer 27 is a photo- 
setting resin According to the class of the photo-setting resin, various lamps, such as an ultraviolet ray 
lamp, a halogen lamp, and an infrared lamp, the various laser light sources of an ultraviolet region - 
infrared region, etc. are used. 

[0036] Moreover, although exposed by the exposure method as shown in drawing 9 according to the flux 
of light BF for exposure which ** minute spacing, arranges the gradation mask 28 to the photosensitive 
ingredient layer 27 on a substrate 26, and has uniform optical intensity distribution through the gradation 
mask 28 Although the optical intensity distribution immediately after passing the gradation mask 28 are 
carrying out gradual change according to the array of the minute light transmission section when the 
gradation mask of a unit-cell configuration as shown in drawing 5 is used It is made to defocus by giving 
a predetermined gap (for example, about 50 micrometers) between the gradation mask 28 and the 
photosensitive ingredient layer 27. Optical intensity distribution are continuously leveled by the diffusion 
of the light in this gap part, and exposure with continuous optical intensity distribution can be realized 
on the front face of the photosensitive ingredient layer 27. 

[0037] Next, since contraction exposure of the mask pattern is carried out using the reticle mask 
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manufactured with the predetermined dilation ratio to the shape of desired surface type by the stepper 
exposing method which carries out contraction exposure of the mask pattern at the photosensitive 
ingredient layer on a substrate 29 with a stepper aligner as shown in drawing 10 , it is possible to carry 
out creation of the shape of desired special surface type with high precision. For example, when 
reducing and exposing a mask pattern to one fifth in a photosensitive ingredient layer by the stepper 
exposing method using the reticle mask manufactured by one 5 times the dilation ratio of this, it 
becomes possible to carry out creation of the shape of special surface type by one 5 times the 
precision of this compared with the method of drawing 8 or drawing 9 . 

[0038] The stepper aligner shown in drawing 1 0 condenses the light from the light source lamp 30 with a 
condenser lens 31. Irradiate the reticle mask 32 as an exposure light of uniform optical reinforcement, 
and incidence of the light which penetrated the reticle mask 32 is carried out to the image formation 
lens 33 of a contraction scale factor. On the front face of the photosensitive ingredient on the substrate 
37 laid on X-Y stage 34, image formation of the contraction image of the reticle mask 33 is carried out, 
sequential migration of X-Y stage 34 is carried out with stepping motors 35 and 36, and a mask pattern 
is exposed. Although the optical intensity distribution of the flux of light exposed by the photosensitive 
ingredient layer will also become gradual according to gradual permeability distribution of the gradation 
mask 32 when in the case of this exposure method a photosensitive ingredient layer is made to focus 
and the focal location of a mask pattern is exposed, by shifting the focal location of a mask pattern 
slightly from a photosensitive ingredient layer, a mask pattern will be exposed in the condition 
[ ************ ] an< j the level difference of optical intensity distribution can be canceled. 
[0039] Next, drawing 6 is drawing for explaining another example of a gradation mask. As this gradation 
mask 18 is shown in drawing 6 (a), it comes to form the film 20 from which thickness changes to one 
side of the transparent parallel plate 1 9 as a transparence substrate gradually with a metal and/or a 
metallic oxide, and change of the thickness of the film 20 is set up so that predetermined light 
transmittance distribution may be made. Thus, there are some which were indicated as a gradation mask 
18 from which thickness changes gradually by JP,9-146259,A previously proposed by this invention 
persons, for example, and the approach by which the manufacture approach was also indicated by the 
above-mentioned official report can be used suitably. 

[0040] Each exposure method which explained as an exposure method with reference to above- 
mentioned drawing 8 , drawing 9 R> 9, and drawing 10 also in the gradation mask of a configuration as 
shown in drawing 6 (a) can be used. Here describes the exposure approach by the alignment method of 
drawing 9 as an example. The gradation mask 1 8 shown in drawing 6 (a) is made close to the front face 
of a photosensitive ingredient layer (a photoresist layer or photo-setting resin layer). Although it will 
become gradual optical intensity distribution as shown in drawing 6 (b) in the front face of a 
photosensitive ingredient layer by gradual permeability change according to a gradual thickness change 
of the film 20 if the flux of light of optical intensity distribution uniform from the field (field of the 
opposite side of the parallel plate 19) in which the film 20 is not formed is irradiated Also in this case, if 
the gradation mask 18 is isolated between minute to a photosensitive ingredient layer and it irradiates 
with a uniform light from the field of the opposite side The pattern of optical intensity distribution which 
changes continuously smoothly as shown in drawing 6 (c) to a photosensitive ingredient layer is exposed 
by diffusion of the light in the above-mentioned minute spacing. Moreover, when using the stepper 
aligner shown in drawing 1 0 , by shifting the focal location of a mask pattern slightly from a 
photosensitive ingredient layer, a mask pattern will be exposed in the condition [ ************ ] and 
the level difference of optical intensity distribution can be canceled. 

[0041] As mentioned above, although the example of a gradation mask and an exposure method was 
explained Although the above-mentioned example described how to make defocus at the time of 
exposure of a mask pattern, and expose as an approach of canceling the level difference of light 
transmittance distribution of a gradation mask as shown in drawing 5 or drawing 6 As the other level 
difference dissolution approaches, with the pattern formation side of the mask for exposure, an optical 
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diffusecHight study component is arranged to the field by the side of the light source in the opposite 
side, and there is the approach of canceling the level difference of light transmittance distribution of a 
mask pattern by exposing a mask pattern by the diffused light. Drawing 1111 shows the example and the 
pattern formation side of the gradation mask 37 with which mask pattern 38b by Cr film was formed on 
quartz substrate 38a is an example which has arranged the optical diffused-light study component 39 to 
the field by the side of the light source in the opposite side. As this optical diffused-light study 
component 39, it can form in substrate 38a before mask pattern formation directly, and a micro-lens 
array (pitch:5micrometer and height:1 .2micrometer) (MLA) is formed in the optical incidence side of 
substrate 38a by a resist heat displacement method etc. as an example. Subsequently, with the field in 
which the optical diffusedHight study component 39 of substrate 38a was formed, if mask pattern 38b 
by Cr film is formed in the field of the opposite side, the gradation mask 37 equipped with the optical 
diffused-light study component 39 will be obtained. With the gradation mask 37 of a configuration of 
being shown in drawing 1 1 , since it has the optical diffused-light study component 39 which is from a 
minute micro-lens array on an optical plane-of-incidence side, a mask pattern can be exposed by the 
flux of light which has a diffusion component, and the level difference of light transmittance distribution 
of a mask pattern can be canceled. 

[0042] To the pan which cancels the level difference of light transmittance distribution of a gradation 
mask, next, as an option With the pattern formation side of the mask for exposure, the field (field by the 
side of optical incidence) of the opposite side, or the pattern formation side (field by the side of optical 
outgoing radiation) of the mask for exposure, Or the functional film for optical diffusion which has a light 
transmission function is arranged to the field of both masks for exposure, and the approach of canceling 
the level difference of light transmittance distribution of the above-mentioned mask pattern is in it by 
exposing a mask pattern by the diffused light. After drawing 12 manufactures the gradation mask with 
which the example is shown and the mask pattern 45 by Cr film was formed on the quartz substrate 40, 
to the pattern formation side of the gradation mask An under coat 41 (SiO etc.), Carrying out sequential 
formation of the functional film 42 for optical diffusion (Ta 205, W205 grade), and the acid-resisting 
functional film (Zr02/MgF2/Zr02 grade), the pattern formation side of the quartz substrate 40 is the 
example in which the acid-resisting functional film 44 was formed to the field (field by the side of optical 
incidence) of the opposite side. With the gradation mask of a configuration of being shown in drawing 1 2 , 
since the pattern formation side is equipped with the functional film for optical diffusion which has an 
optical diffusion function and the acid-resisting functional film, a mask pattern can be exposed by the 
flux of light which has a diffusion component, and the level difference of light transmittance distribution 
of a mask pattern can be canceled. In addition, in the example of drawing 1 2 , although the functional 
film for optical diffusion is formed in a pattern formation side side, even if it'forms the functional film for 
optical diffusion in the field (field by the side of optical incidence) of the opposite side, or both fields, the 
same effectiveness is acquired with the pattern formation side of the quartz substrate 40. 
[0043] As mentioned above, although the example of the exposure method using the mask for exposure 
concerning this invention (a gradation mask or reticle mask) and its mask and the level difference 
dissolution approach of light transmittance distribution was explained, by choosing these masks and an 
exposure method suitably, and using them, the smooth optical intensity distribution shown at the 
exposure process in drawing 1 or drawing 2 can be realized, and creation of the shape of surface type of 
the three-dimensional structure of the request by which the level difference was canceled by the 
photosensitive ingredient layer can be carried out. Moreover, the shape of surface type which carried 
out creation to the photosensitive ingredient layer can be imprinted to a substrate. 
[0044] Next, it is possible by performing anisotropic etching to a photosensitive ingredient layer and a 
substrate, and changing the selection ratio of anisotropic etching in time, in case a substrate front face 
is engraved with the shape of surface type of the above-mentioned photosensitive ingredient layer, it is 
moved and is imprinted to make the shape of surface type imprinted on a substrate transform. Drawing 
13 (a) shows the condition of having formed the resist layer 1 1 curved-surface-ized in the front face on 
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the substrate 10. In the etching process which makes such a curved-surface configuration a start 
configuration, if a selection ratio is changed in time, as shown in a substrate 10 at drawing 13 (b), it can 
imprint as a completely different curved-surface configuration from a start configuration. By setting up 
more greatly than 1 the selection ratio when imprinting the Susono part (part shown by "I" all over 
drawing) of a start configuration in this example To a substrate 10, enlarge the inclination of this part I 
and imprint it, and on the occasion of the imprint of the following staging area II, set a selection ratio as 
abbreviation 1 , and the configuration near a start configuration is imprinted. To the last, it is the central 
field III. Field [ in / on the occasion of an imprint, a selection ratio is set up again more greatly than 1, 
and / a start configuration ] III The difference of elevation is expanded and imprinted. Thus, changing a 
selection ratio, by performing an etching process, a request can be transformed into a start 
configuration and it can imprint as the shape of surface type 12 of a substrate 10. 
[0045] 

[Example] next, the creation of the shape of special surface type concerning this invention — the 
example in the case where the micro-lens array (MLA) of a minute dimension used for a liquid crystal 
device is manufactured as a concrete example of an approach and an optical element, and the case of 
manufacturing the micro lens (ML) of the diameter of macrostomia and the amount of high sags as an 
optical element for optical communication is explained. 

[0046] (Example 1) Drawing 15 is drawing showing an example of the liquid crystal device for liquid 
crystal projectors, in the sign 201 in drawing, a micro-lens array substrate and 203 show a flat-surface 
substrate, and, as for a TFT substrate and 202, 205 shows the liquid crystal layer. TFT201A for driving 
each pixel and a bus line (not shown) are formed in the field of the side which touches the liquid crystal 
layer 205 of the TFT substrate 201, and the part which is not covered with these TFT(s)201A and a bus 
line has become opening 201 B as a pixel. Moreover, agreement 201 C shows the transparence electric 
conduction film. The flat-surface substrate 203 which pinches the liquid crystal layer 205 with the TFT 
substrate 201 is a transparent parallel plate, the black matrix 204 is formed in the field of the side which 
touches the liquid crystal layer 205, and transparent electrode 204A is formed with the ITO film on this 
black matrix 204. It is formed in the field of the side which touches the flat-surface substrate 203 at the 
micro-lens array substrate 202 as a refracting interface, the array array, i.e., the micro-lens array, of a 
micro lens 302 of a convex. Drawing 1 6 is drawing showing the above-mentioned micro-lens array 
substrate 202, and a sign 303 shows the spacer section. The sign h in drawing shows the height (from 
micro-lens 302 forming face) of the spacer section 303, and h' shows the height of a micro lens 302. 
This h and W need to fill related :h>=h\ and the spacer section 303 is formed in the height more than the 
height of each micro lens 302. 

[0047] An example 1 is an example which manufactures drawing 15 and the micro-lens array arranged in 
the minute pitch as shown in 16, and is an example which brings contiguity spacing of a micro lens 302 
close to zero infinite, and manufactures it. the case where assumed pixel 302A of the liquid crystal 
device for liquid crystal projectors to be a square, and that pixel size (area) is made into XAxXA here as 
shown in drawing 1 7 — 0.9" — since the pixel size of the liquid crystal device for -XGA is abbreviation 
**18x18 (micrometer), it is desirable to consider as the micro-lens array which has arranged the micro 
lens of the same magnitude as this pixel size ideally, however, when forming a micro-lens array and the 
lens agenesis section every 1 micrometer each is in the both sides of a lens, (when a clearance is 
between lenses) The ratio of the micro-lens array area which a lens formation field is set to field 302B 
shown with the broken line all over drawing, and the area XBxXB is set to **17x17 (micrometer), and is 
occupied in the whole area Even if it is set to (17x17) / (18x18) x1 00=289/324x1 00=89.2 and can 
condense all light effectively by the micro-lens array, it cannot but be 89.2% of condensing effectiveness. 
Therefore, it is desirable to bring contiguity spacing of a micro lens 302 close to zero infinite like [ when 
making area of the agenesis section of a micro lens small raises efficiency for light utilization, it is 
important, and ] drawing 15 and the example shown in 1 6. 

[0048] Next, in manufacturing drawing 15 and a micro-lens array as shown in 16, the concentration 
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distribution mask first manufactured by the approach mentioned above is prepared beforehand. In this 
example, since 1/5 time as many contraction exposure as this is performed using a stepper aligner as 
shown in drawing 10 , the actually manufactured concentration distribution mask is a reticle mask 
(expansion mask) of the mask pattern which expanded the micro-lens configuration by 5 times, and, 
specifically, the reticle pattern dimension is **90x90 (micrometer). Drawing 1 4 shows an example of the 
mask pattern for one micro lens, and this mask pattern 46 has opening area of Cr light-shielding film, 
and composition divided into the unit cell of a large number by which thickness was controlled. It is 
vertical x horizontal =30x30(individual) =900 (individual), using size of a unit cell as 3.0x3.0 (micrometer) 
for the micro-lens part of this piece in this example. 

The mask pattern divided into ********** is designed. In the design of this mask pattern, the unit cell 
of the unit-cell number of No. 1 (condition in which Cr light-shielding film all remained) is arranged to a 
center-section unit cell (on a reticle mask : 3x3 (micrometer) -> an actual pattern 0.6x0.6 (micrometer)). 
Moreover, into the four-corners part of a micro-lens formation field, the unit-cell number of No. 80 (with 
no remaining part of Cr light-shielding film) is arranged. And distribution of the "opening area" 
corresponding to ** "gradation (the amount of light transmission)" and "Cr thickness" is made to 
correspond, to the unit cell of the unit-cell numbers 1-80 in the meantime, it designs so that it may 
become the two-dimensional transmission distribution according to the lens side configuration made into 
the purpose, and CAD data are created to it. In addition, this lens side configuration and the relation of a 
unit-cell number are relation obtained from the sensitivity curve of an exposure process and a 
photosensitive ingredient as mentioned above. Of course, if a photosensitive ingredient differs from an 
exposure process, it is necessary to grasp a sensitivity curve each time. 

[0049] Based on the above-mentioned fundamental view, from the formula supported by detailed data 
and a program, a function attachment ********** number is arranged for the unit-cell number of lens 
height and a mask pattern on the CAD design screen on a personal computer, and CAD data are created. 
Next, mask BURANKUSU which applied the photosensitive ingredient to quartz glass is prepared, 
inputting into the control section of a laser light irradiation device the CAD data created as mentioned 
above, and controlling migration of X-Y stage 8, ON of the laser light source 1, and OFF, after setting to 
X-Y stage 8 of the laser light irradiation device shown in drawing 7 , laser light is irradiated by the 
predetermined approach at mask BURANKUSU, and a mask pattern is drawn. And the mask pattern was 
obtained by the photosensitive ingredient layer by performing development and a rinse by the 
predetermined approach. Next, Cr film was etched with the wet etching liquid for Cr by using as an 
etching mask the photosensitive ingredient layer by which patterning was carried out. The reticle mask 
which has the opening area and thickness which each unit cell makes the purpose, and has the two- 
dimensional transmission distribution corresponding to a lens configuration as a whole was manufactured 
by the pattern as shown in drawing 14 by this approach. 

[0050] Next, an example of the manufacture approach of the micro-lens array which used the above- 
mentioned reticle mask is described. As the manufacture approach, it carried out by the same 
production process as drawing 1 . First, as shown in drawing 1 R> 1 (a), it considers as the substrate 10 
which should form the shape of desired surface type, and a neo SERAMU substrate is prepared, and the 
photoresist (Tokyo adaptation Make TGMR- 950 (trade name)) 1 1 of marketing as a photosensitive 
ingredient on this substrate 1 0 is applied so that it may become the thickness of 8.56 micrometers. Next, 
the substrate 10 which applied the photoresist 1 1 was carried on the hot plate, and it prebaked in BEKU 
time amount:180 seconds by whenever [ stoving temperature / of 100 degrees C ]. Next, it set on the 
X-Y stage of the stepper aligner of a configuration as the substrate 10 with which the resist layer 1 1 
was formed was shown in drawing 10 , and stepper exposure was carried out by one 1/5 time the 
reduction percentage of this by using the above-mentioned reticle mask as the mask for exposure. 
Exposure conditions made the image formation location of a mask pattern defocus slightly from the front 
face of the resist layer 1 1 , and made the exposure of +25 micrometers and the exposure flux of light LF 
390mWx 1.92 seconds (illuminance: 720m J) for the amount of defocusing. Moreover, in exposure of this 
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mask pattern, since the pattern of the optical intensity distribution corresponding to the lens side 
configuration of a micro-lens array is exposed as shown in drawing 1 (b) f the resist layer 1 1 is exposed 
in three dimension corresponding to a micro-lens configuration. After the above-mentioned exposure 
process termination, by carrying out PEB (postexposition jar BEKU) for 270 seconds at the temperature 
of 105 degrees C, as shown in drawing 1 (c), the micro-lens configuration by the resist layer 1 1 was 
acquired. Subsequently, the above-mentioned substrate 22 was set in the vacuum tub of ultraviolet 
curing equipment, UV irradiation was carried out for 180 seconds, carrying out vacuum suction, and 
hardening of a resist layer was performed. The plasma-proof nature of a resist improves and can be 
equal now to processing at degree process with this actuation. In addition, the resist height at this time 
was 6.7 micrometers. 

[0051] Next, the above-mentioned substrate 10 is set in the vacuum tub of a TCP dry etching system. 
Degree of vacuum : CHF3:5.0sccm after carrying out evacuation to 1.5x10-3Toor, The mixed gas of 
CF4:50sccm and O2:20sccm was introduced in the vacuum tub, and dry etching of an anisotropy was 
performed under the conditions which made 1 .25kW and substrate cooling temperature -20 degrees C 
for the power of the up electrode (antenna electrode) which arranged substrate bias power above 600W 
and a substrate. Moreover, at this time, substrate bias power and up electrode power were changed with 
time, and it etched, changing the selection ratio of anisotropy dry etching with time amount change (it 
becomes small like). Although the average etch rate of a substrate 10 was a part for 0.63-micrometer/, 
actual etching time required 1 1 .5 minutes. The configuration of a resist layer was carved and moved to 
the substrate through the above dry etching process ( drawing 1 (d)), and the micro-lens array of a 
cross-section configuration as shown in drawing 1 6 was manufactured. Moreover, lens height H after 
etching was H= 5.33 micrometers. 

[0052] (Example 2) Next, another example at the time of manufacturing the same micro-lens array for 
liquid crystal devices as an example 1 is shown, this example — also setting — 0.9" — the micro-lens 
array which brought contiguity spacing close to zero infinite like drawing 16 is manufactured, using pixel 
size of the liquid crystal device for -XGA as **18x18 (micrometer). In this example, what prepared the 
microoptics component which has an optical diffusion function in the optical incidence side of the reticle 
mask produced like an example 1 as a mask for exposure used at an exposure process is used. Drawing 
H shows the example and the pattern formation side of the reticle mask 37 with which mask pattern 
38b by Cr film was formed on quartz substrate 38a is an example which has arranged the optical 
diffused-light study component 39 to the field by the side of the light source in the opposite side. As 
this optical diffused-light study component 39, it can form in substrate 38a before mask pattern 
formation directly, and a micro-lens array (pitch:5micrometer and height: 1.2micrometer) (MLA) is formed 
in the optical incidence side of quartz substrate 38a by a resist heat displacement method etc. as an 
example. Subsequently, with the field in which the optical diffused-light study component 39 of 
substrate 38a was formed, mask pattern 38b by Cr film is formed in the field of the opposite side by the 
same approach as an example 1 . Thereby, the reticle mask 37 equipped with the optical diffused-light 
study component 39 is obtained. With the reticle mask 37 of a configuration of being shown in drawing 
H , since it has the optical diffused-light study component 39 which is from a minute micro-lens array 
on an optical plane-ofHncidence side, the level difference of light transmittance distribution of the mask 
pattern which could expose the mask pattern by the flux of light which has a diffusion component, and 
consisted of unit cells of example 1 publication is cancelable. 

[0053] In addition, since the reticle mask is equipped with the optical diffused-light study component 39 
in this case, it is not necessary to make it defocus, although this reticle mask is set in the stepper 
aligner shown in drawing 10 and the same exposure process as an example 1 is carried out. Moreover, it 
carried out like the example 1 except performing an exposure process using the reticle mask equipped 
with the optical diffused-light study component. That is, conditions, such as PEB after exposure and 
etching, are the same as an example 1. 

[0054] (Example 3) Next, another example at the time of manufacturing the same micro-lens array for 
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liquid crystal devices as an example 1 is shown, this example — also setting — 0.9" — the micro-lens 
array which brought contiguity spacing close to zero infinite like drawing 1 6 is manufactured, using pixel 
size of the liquid crystal device for -XGA as **1 8x1 8 (micrometer). In this example, the pattern 
formation side of the reticle mask produced like an example 1 as a mask for exposure used at an 
exposure process uses what has arranged the functional film for optical diffusion which has a light 
transmission function for the field (field by the side of optical incidence) of the opposite side, or the 
pattern formation side (field by the side of optical outgoing radiation) of a reticle mask. After 
manufacturing the reticle mask with which drawing 1 2 shows the example, and is the same approach as 
an example 1, and the mask pattern 45 by Cr film was formed on the quartz substrate 40, The thin film 
formation approach given [ for example, / by these people ] in a Japanese-Patent-Application-No. No. 
288430 [ 1 1 to ] official report is used for the pattern formation side of the reticle mask. Double main 
wavelength with i line, and from a substrate side, as an under coat 41 , carry out the film of Ta 205 as 
lambda/4 and functional film 42 for optical diffusion, and sequential formation of the equivalence film of 
ZrO2:0.4+MgF2:0.2+ZrO 2:0.4 is carried out for the SiO film as lambda/4 and acid-resisting functional 
film 43. The acid-resisting functional film 44 was formed in the field (field by the side of optical 
incidence) of the opposite side with the pattern formation side of the quartz substrate 40. Since it has 
the functional film for optical diffusion of the configuration shown in drawing 12 which is prodigal and has 
an acid-resisting function in a pattern formation side with a chicle mask, a mask pattern can be exposed 
by the flux of light which has a diffusion component, and the level difference of light transmittance 
distribution of a mask pattern can be canceled. Moreover, in the example of drawing 12 , although the 
functional film for optical diffusion is formed in a pattern formation side side, even if it forms the 
functional film for optical diffusion in the field (field by the side of optical incidence) of the opposite side, 
or both fields, the same effectiveness is acquired with the pattern formation side of the quartz substrate 
40. 

[0055] In addition, since the reticle mask equips the pattern formation side with the functional film for 
optical diffusion which has an acid-resisting function in this case, it is not necessary to make it defocus, 
although this reticle mask is set in the stepper aligner shown in drawing 10 and the same exposure 
process as an example 1 is carried out. Moreover, it carried out like the example 1 except performing an 
exposure process using the reticle mask equipped with the functional film for optical diffusion. That is, 
conditions, such as PEB after exposure and etching, are the same as an example 1. 
[0056] (Example 4) It aims at forming the micro lens of the diameter of macrostomia, and the amount of 
high sags as an optical element for optical communication in this example. By the conventional method 
of construction, manufacture is the example of a short focal distance micro lens with difficult high lens 
height, and both sides of this example are the lens configurations of a micro lens further. Hereafter, the 
example which manufactured the configuration of this double-sided micro lens as the shape of special 
surface type is described. By the conventional method of construction, when lens height was high, the 
photosensitive ingredient needed to be applied thickly, and patterning of this needed to be carried out. 
However, it was difficult for there to be problems, such as impasto of a photosensitive ingredient, 
patterning nature, and heat deformans, in this case, and to manufacture a short focal distance micro 
lens with the above high lens height. Moreover, although there is the approach of specifically making a 
selection ratio one or more of changing a selection ratio, in the case of etching, there is a limitation in 
enlarging a selection ratio. 

[0057] In this example, a double-sided micro lens is manufactured by drawing 2 and the same production 
process as 3, using a photo-setting resin as a photosensitive ingredient. Under the present 
circumstances, they are 1 /about [ of the diameter of a lens which makes the amount of contraction of 
the used photo-setting resin 6.8%, and makes movement magnitude the purpose ] dozens. Moreover, the 
sensibility and movement magnitude of a photo-setting resin, and the amount of contraction are the 
physical quantity which becomes settled for every ingredient, and are the physical-properties value of 
an ingredient proper. Moreover, in this example, since the height after deformation is 20-30 micrometers, 
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the ratio is about 1/30 and it has sufficient deformation capacity to the diameter of about 800 
micrometers, the constraint from movement magnitude or the amount of contraction is not received. 
[0058] the lens side configuration made into the purpose by this example — the 1 st page and the 2nd 
page — an aspheric surface configuration — it is — the aspheric surface configuration — radius-of- 
curvature:R, distance:Y from an optical axis, cone constant:k, and high order constant: — it is expressed 
with the following polynomial using height:X of a, b, .., the direction of an optical axis, and the design 
result of the aspheric surface micro lens is as being shown in the following table 1. 
X=(Y2/R)/[1+root{1-(k+1) (Y/R) 2}]+aY4+bY6 [0059] Moreover, since a micro lens is a single lens 
configuration in the case of this example, consideration of lens spacing is unnecessary. Furthermore, 
thickness made it twice (about 20 micrometers) the contraction deformation (this example about 1 0 
micrometers) of a photo-setting resin. Moreover, it carried out with the exposure method as shown in 
drawing 9 using the gradation mask which controlled thickness as shown in drawing 6 as a mask for 
exposure. The amount of alignment at this time is set to 20 micrometers from the conventional track 
record data, and the mask pattern was exposed in the state of defocusing. And these conditions and 
purpose configurations are inputted into a personal computer, and the mask pattern of two-dimensional 
permeability distribution is designed and manufactured from a predetermined formula. In addition, as a 
gradation mask which controlled thickness, this invention persons designed and manufactured the 
gradation mask corresponding to the configurations of the 1st page and the 2nd page of a micro lens 
using the approach given in JP,9-146259,A proposed previously, respectively. 
[0060] 

!Table 1] 
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[0061] First, the 1st page is processed. As a photo-setting resin, at substrate temperature:20 degree C, 
acrylic adhesives (Dainippon Ink GRANDIC RC~ 8720 (trade name)) are applied to the neo SERAMU 
substrate of diameter:phi4" using a spin coater so that it may be set to thickness:20micrometer, and a 
resin layer is formed in the beginning. The viscosity of the acrylic adhesives in 25 degrees C is 1100CPS, 
and thick-film spreading of it is attained at a spin coater. Then, substrate temperature is raised to 30 
degrees C on a hot plate, the viscosity of adhesives is reduced to 795CPS, and equalization of the 
surface waviness of non-hardening resin is attained. Subsequently, substrate temperature is lowered to 
20 degrees C or less, and viscosity is reduced. The mobility of a resin layer falls by this and the handling 
of a substrate becomes easy. 

[0062] Next, this substrate is set on a semi-conductor aligner. On the other hand, the gradation mask 
manufactured based on the above-mentioned design data is set to an aligner. Then, according to a 
predetermined activity, under amount:of alignment20micrometer conditions, the exposure flux of light 
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(for example, ultraviolet rays) is irradiated for 200 seconds with the illuminance of 7 mW/cm2 from the 
tooth-back side of a gradation mask, and exposure addition quantity of light:1400 mJ/cm2 is irradiated. 
Under the present circumstances, since the variation of a resin layer is large, a resin layer is stiffened, 
carrying out the long duration exposure of the exposure flux of light with a low illuminance. In the 
meantime, a substrate is heated in early stages of an exposure, and temperature is raised to 30 degrees 
C. Moreover, also in [ optical irradiation time:] 200 seconds, the substrate was heated by light and 
substrate temperature rose to 40 degrees C at the time of exposure termination. In the meantime, the 
viscosity of a resin layer falls, a resin layer is contracted with hardening, and the height becomes high. 
[0063] Next, substrate temperature is raised to 50 more degrees C after the above-mentioned 
processing. Then, the viscosity of a resin layer rises to 217CPS. If a substrate is left for 5 minutes in 
this condition, the resin of the part (crevice of a surface layer) which is not carrying out photo-curing 
gradually will flow, and a front face will carry out flattening with surface tension. Of course, it can also 
leave the concave configuration of the lens circumference by excluding this processing. After this 
process, all over a substrate front face, the parallel light of homogeneity is irradiated and resin is 
stiffened completely. The following results were obtained when the shape of surface type of the resin 
layer hardened by the above-mentioned approach was evaluated. Micro-lens diameter: They were D= 
699 micrometers, height:h=20.9micrometer of resin, and height:H=30.8micrometer from a substrate to 
the resin top. 

[0064] Next, the substrate which has the resin layer of the above-mentioned configuration is set in the 
vacuum tub of the TCP dry etching system for semi-conductors. Degree of vacuum : Ar:5sccm after 
carrying out evacuation to 3.0x1 0-4Toor, The mixed gas of CF4:20sccm and CHF3:5sccm was 
introduced in the vacuum tub, and dry etching of an anisotropy was performed under the conditions 
which made 1200W and substrate cooling temperature -20 degrees C for the power of the up electrode 
(antenna electrode) which arranged substrate bias power above 1 100W and a substrate. The substrate 
and the resin layer of the etch rate at this time were parts for 0.85-micrometer/. Moreover, the ratio 
(selection ratio) of the etch rate of a substrate ingredient and a resin layer was 1. Under these 
conditions, etching was performed for 39 minutes. As a result of measuring the shape of surface type of 
the substrate after this etching, the configuration after the 1st-page processing of a substrate is as 
follows. 

micro-lens diameter: — D= 699-micrometer lens height: — H= 20.9-micrometer radius-of-curvature: — 
R= 2.657mm [0065] Next, the 2nd page is manufactured at the same process as the above. First, as a 
photo-setting resin, at substrate temperature:20 degree C, acrylic adhesives (Dainippon Ink GRANDIC 
RC- 8720 (trade name)) are applied using a spin coater so that it may be set to thickness:20micrometer, 
and a resin layer is formed in the rear-face (2nd page) side of the substrate into which the 1st page was 
processed. Next, this substrate is set on a semi-conductor aligner. On the other hand, the gradation 
mask manufactured based on the above-mentioned design data is set to an aligner. Then, according to a 
predetermined activity, under amount:of alignment30micrometer conditions, the exposure flux of light 
(for example, ultraviolet rays) is irradiated for 220 seconds with the illuminance of 7 mW/cm2 from the 
tooth-back side of a gradation mask, a mask pattern is irradiated to exposure quantity of light:1540 
mJ/cm2, and a resin layer is stiffened. In the meantime, a substrate is heated in early stages of an 
exposure, and temperature is raised to 30 degrees C. Moreover, also in [ optical irradiation time:] 220 
seconds, the substrate was heated by light and substrate temperature rose to 40 degrees C at the time 
of exposure termination. In the meantime, the viscosity of a resin layer falls, a resin layer is contracted 
with hardening, and the height becomes high. 

[0066] Next, if substrate temperature is raised to 50 more degrees C after the above-mentioned 
processing and a substrate is left for 5 minutes in this condition, the resin of the part (crevice of a 
surface layer) which is not carrying out photo-curing gradually will flow, and a front face will carry out 
flattening with surface tension. Of course, it can also leave the concave configuration of the lens 
circumference by excluding this processing. After this process, all over a substrate front face, the 
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parallel light of homogeneity is irradiated and resin is stiffened completely. The following results were 
obtained when the shape of surface type of the resin layer hardened by the above-mentioned approach 
was evaluated. Micro-lens diameter: They were D= 798 micrometers, height:h=29.9micrometer of resin, 
and height:H=40.5micrometer from a substrate to the resin top. 

[0067] Next, the substrate which has the resin layer of the above-mentioned configuration is set in the 
vacuum tub of the TCP dry etching system for semi-conductors. Degree of vacuum : Ar:5sccm after 
carrying out evacuation to 3.0x1 0-4Toor, The mixed gas of CF4:20sccm and CHF3:5sccm was 
introduced in the vacuum tub, and dry etching of an anisotropy was performed under the conditions 
which made 1200W and substrate cooling temperature -20 degrees C for the power of the up electrode 
(antenna electrode) which arranged substrate bias power above 1100W and a substrate. The substrate 
and the resin layer of the etch rate at this time were parts for 0.85-micrometer/. Moreover, the ratio 
(selection ratio) of the etch rate of a substrate ingredient and a resin layer was 1. Under these 
conditions, etching was performed for 51 minutes. As a result of measuring the shape of surface type of 
the substrate after this etching, the configuration after the 2nd-page processing of a substrate is as 
follows. 

micro-lens diameter: — D= 790-micrometer lens height: — H= 30.0-micrometer radius-of-curvature: — 
R= 2.641mm [0068] In addition, the optical-axis doubling precision of the 1st page and the 2nd page was 
less than [ phi0.2micrometer ]. Moreover, when this micro lens was included in the module for optical 
communication and optical-character ability was evaluated, the following engine performance was 
obtained. 

diameter [ by the side of an outgoing radiation side / incidence ] of optical fiber (core diameter): — 
angle-of^divergence [ from 8 micrometer fiber ] (half width): — 8 degrees (full width: 1 6 degrees) 
dummy pinhole: — the location of a lens end face to 50mm — diameter lens engine-performance 
(optical loss) desired value [ of 500 micrometer ]: — 4dB or less lens engine-performance (optical loss) 
result: — 3.81 dB [0069] 

[Effect of the Invention] As explained above, according to this invention, the optical element formed by 
the generating approach of the shape of new special surface type and its generating approach can be 
offered. And since smoothing of the two-dimensional light transmittance distribution of the mask for 
exposure can be carried out and it can carry out as [ expose / the discontinuous part of the light 
transmittance distribution curve in a mask / by the photosensitive ingredient layer ] in case creation of 
the shape of special surface type is carried out to a photosensitive ingredient layer using masks for 
exposure, such as a gradation mask (concentration distribution mask) or a reticle mask, a photosensitive 
ingredient layer can be prevented from imprinting as a discontinuity configuration (level difference) in 
this invention. Therefore, according to this invention, without dropping the sensibility of a photosensitive 
ingredient or making an ingredient change at a photosensitive ingredient with blunt sensibility, a 
configuration imprint can be carried out with high precision, and creation of the three-dimension 
configuration which changes in the height direction continuously smoothly can be carried out with high 
precision. Moreover, creation of the shape of special surface type of the three-dimensional structure 
can be carried out on a substrate by imprinting to a substrate the three-dimension configuration formed 
in the photosensitive ingredient layer by anisotropic etching. Therefore, according to this invention, 
optical elements, such as a diameter micro lens of macrostomia for optical communication and a minute 
pitch micro-lens array for liquid crystal devices, can be easily offered by being able to carry out creation 
of the shape of special surface type of the three-dimensional structure which changes in the height 
direction continuously smoothly easily, and making the shape of this surface type into an optical curved 
surface on a photosensitive ingredient layer or a substrate. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the process explanatory view showing 1 operation gestalt of the generating approach of 
the shape of special surface type concerning this invention. 

[Drawing 2] It is the process explanatory view showing another operation gestalt of the generating 
approach of the shape of special surface type concerning this invention. 

[Drawing 3] It is a process explanatory view at the time of imprinting to a substrate the shape of surface 
type of the resin layer manufactured at the process shown in drawing 2 . 

[Drawing 4] It is drawing for explaining correspondence with the optical intensity distribution of the 

exposure light in an exposure process, and the shape of surface type which are formed. 

[Drawing 5] It is drawing for explaining an example of the mask for exposure concerning this invention. 

[Drawing 6] It is drawing for explaining another example of the mask for exposure concerning this 

invention. 

[Drawing 7] It is drawing showing the example of 1 configuration of the laser light irradiation device used 
in case the gradation mask concerning this invention is manufactured. 

[Drawing 8] It is drawing showing the example of 1 configuration of the aligner used at the time of 
special surface type-like patterning. 

[Drawing 9] It is drawing showing an example of the exposure method used at the time of special 
surface type-like patterning. 

[Drawing 10] It is drawing showing another example of a configuration of the aligner used at the time of 
special surface type-like patterning. 

[Drawing 11] It is drawing showing one example of this invention, and is the important section sectional 
view of the mask for exposure in which the optical diffused-light study component was prepared. 
[Drawing 12] It is drawing showing another example of this invention, and is the important section 
sectional view of the mask for exposure in which the functional film for optical diffusion was prepared. 
[Drawing 13] In an etching process, it is drawing for explaining forming the shape of different surface 
type from a start configuration in a substrate by changing a selection ratio in time. 
[Drawing 14] It is drawing showing an example of the mask pattern of the reticle mask used in the 1st 
example. 

[Drawing 15] It is the important section sectional view showing an example of the liquid crystal device 
for liquid crystal projectors. 

[Drawing 1 6] It is the important section sectional view showing an example of the micro-lens array 
substrate used for the liquid crystal device shown in drawing 5 . 

[Drawing 1 7] It is drawing for explaining the pixel of a liquid crystal device, and the relation of a micro- 
lens formation field. 
[Description of Notations] 

1 Laser Light Sender 

2 Beam Splitter 

3 Mirror 

4 Optical Modulator and Its Control Unit 
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5 Data Path 

6 Optical Deflector and Its Control Unit 

7 Objective Lens 

8 X-Y Stage 

9 Optical Interferometer 

10 Substrate 

1 1 Photosensitive Ingredient Layer (Photoresist Layer) 

1 3 Optical Element 

1 4 Substrate 

15 Photosensitive Ingredient Layer (Photo-setting Resin Layer) 

17 Gradation Mask (Concentration Distribution Mask) 

18 Gradation Mask (Concentration Distribution Mask) 

21 Light Source 

22 Collimate Lens 

23 Mirror 

24 Beam Expander 

25 Gradation Mask 

26 Substrate 

27 Photosensitive Ingredient Layer 

28 Gradation Mask 

29 Substrate 

30 Light Source Lamp 

31 Condenser Lens 

32 Reticle Mask 

33 Image Formation Lens 

34 X-Y Stage 

37 Gradation Mask 
38a Quartz substrate 
38b Mask pattern (Cr film) 

39 Optical Diffused-Light Study Component 

40 Quartz Substrate 

41 Under Coat 

42 Functional Film for Optical Diffusion 

43 Acid-Resisting Functional Film 

44 Acid-Resisting Functional Film 

45 Mask Pattern (Cr Film) 

46 Mask Pattern 

201 TFT Substrate 

202 Micro-Lens Array Substrate 

203 Flat-Surface Substrate 
205 Liquid Crystal 

302 Micro Lens 



[Translation done.] 
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x— >vx^©#*tt-fe;H*i©3ttail««©ffiS[, 
C rBU»*3&**3£Sn*. », ±fS raftfta (l$5S« 
tJtaia* (/^->No. ) J «, ±IB©M^5r^5 

l/T, ±IBSiClcS^^T, rgMtt^Wtt (« 
il«v-f^DU>X) ©i^i^j t r«3ttt«»©»#* 

( \mm£M&mv>mM\ - ri^*»j > j ©w«*i& 
iee&Bj i ru>xis$ (Wv J ^hS#s) j ©m# 
EBfifij i-77.37© r*fi[-t:;u • ^>a— j ©WfiU;: 

B*m^.-5. <fcC CADf-i'^f-^ftUT, U~ 
■tf— 3fcBHtf£«©iHaffl©3>t;»— i'fc'ts' hU I® 
&-V7>i7Zf7>2X\Zl>— tf— ^SrflgWLTVX^yX^ 

■t;u-^->A*-j ©*tt-t^*«afliJWK ru>XEB(ft 

BJ (w^ff. l«0^5f—>3 >VX^4«affT* 
-So fifoT. C©<fc5ICLT, gM©3*7C^ig©*ffi 
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)\,^X>7) &KttU mftTZo 

[0033] ±^,<D^m\z^^xm^nitify 

IE© J; o tm\tZ&? ^*ffi-fe^^«I'JW(cEe L£7* 

2 5©V7.7/^->£Xl£2 6 JbCO!S7ttiM*4B 2 7 

0 9 K^Tcfc 5 fc. »S2 6 ±(DS^tt«»S 2 7 fc» 
lt^7T-y3 >VX^ 2 8 i&Sf^5t>Bia«LT 

J£^*TK^:bT^tfc^7^-~>3 >V77, 
-f 3 x =r v n— S^S^ab § . 

[0 0 3 4] Z\ZLX\ 08, H9CDT5-f^>hR^a 20 

= 7-2 3T^gS^^ittT*^ffltf inxk-M^ 
rs>^2 4KA«U ftmS£J5ra©*£3t-fc*:£n 
#7?— ~>3 2 5£iiji-T5o ^0^7 

t->3 y?7s9 2 5«±5z!iLfc<fc5K3j©ftj£©?t3£ 

*©-e, mm<D%&&ftttitG-?z>mLt>mwL2 6±© 
myt&Mnm 2 7 \zm%zftT-?7,i? nz-y-hmitz 

I07T-/3 2 5ii3ttt«WI2 7 CDJ^gS 

dt'IfiO, ^7f->a y?7.9 2 5 <h&3£te#*4JB 
2 70EHd3&«ifiS5UTl»*»^K:tt» ^7T->3> 
-?7 7 2 5 «tO. 
2 7 £»3fc£ft*3fc3ft©3tt»*#tf fcaKWfcfcOifc 
^7f -> a >VX^ 2 5 tSJtttWi 2 7 ® 

m.Md£ffife<Dmffi (77-f^>M) f£vmtz\t\z 

[0 0 3 5] ft, H8©flW££«K:iS^T. Jt«2 1»4 

7 > t^Sjwb ^6 n. *3ttt*m ■ 2 7 Atjiewb 
tt«MB©«£K:tt» *©3fc«fttt*HIB©il»K*ST* 

ADy>7>7". #^7>7'fffl#i7 

[0 0 3 6] B9fc*-TJ:3fc«3fc#5mJt. 7* 50 



7T->3>^^2 8£S«2 6±©*fl£tt*m*2 
7K»UT«/MWHSIiLTB«lU ^7T->3>-7 

j^©EHKft3R»Wfc*Ht«b"C^*rt«, ^7T- 

->3 >vxi/ 2 8 tmytmrnm 2 7 t©ratms©ia 
tJ^sn. *5fttt*mi 2 7 fflsitij, a 

[0 0 3 7] &K01 0\Z7£t&otZ7. : TVrt—&9t%. 
BTV7.7/^->£S«2 9±©*3fctttmJlfc:l8/h 
S7 1 £-r-57.^-7A-S7tST«, Sfa©*ffi^tC*fL 

Tm£©ffi**Tsafl3$n;ti^?;i^7.££ffli^ -t 
©■77,^/^^->^^»7tt^>©T. ma©^a® 

fg©ffi7v*T'$Sff$nfcP5 i ^^V7.i7S:ffl^, ^fy 

K«t/hUT*3t-r*»'&. 0 8^0 9©*^lCJt^T5 
{&©«^T^a«®^ : £i'J^T ; 5 £ t^pJIEtftS. 
[0 0 3 8] 01 Otr^TX^-y^-STtS®^ ftiH 
7>7"3 0^6©3t^*7t^>X3 HCfcBSUfcU ^ 

-^^©sgtt^tbTu^^^vx^ 3 2\zmm 

l/>X3 3ICAItU X-YXr-y3 4±tc«esn 
fcS1£3 7±oi^ffl»Mi:. Uf?J^^3 
3 ©«*•*«* U 7f7t>^-^3 5, 3 6T* 
X - Y 7 t— S? 3 4 U T V 7. 7 - > £ 8 

ft-f £*>©-?;&£. £©g^3S;©ii£. vx?;^- 

><D7*-X7.o.w$:mytmmm\z-&m2i*TnytL 
y7f-/3 >v*7 3 2<D^mfs.mm 

ftftfcRpgWft'b©.*:/^;^ V77/^->©7*- 

[0 0 3 9] *E@6tt, ^7X-->3>V7 7©S>J© 
^JSrlttBJT -2>fcfe©0T$i^. :0^7f->3 >"?7 
i?18(l 06 (a) \Z7jkTko\Z, a^SIStbT© 
jSWttTff^Sl 9©it®t^ gtfftf&BIWKaMM"* 
12 0 *A«RZX/*fctt*KRfl3«T»l«LTa:0. 
I2 0C9H$©^W> ^©^ji¥»*€r^TJ:-5 

icisssnfefe©^*^. c©<fce»ic^ip^pgwfc^ 

fttl>^7f-y3 >7X^ l 8 i LTI1 
Wm$\Z&K)9c\zm$&fttz¥fffl¥-9- 1 4 6 2 5 9§ 
&ttKE*Snfc "!>©**» D. *©8ff*ftt>±B4i« 

[0 0 4 0] 0 6 (a) l:^T<t^^)*©^5x--> 
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a >V*:J7 g|7t^tL,T«MSE©0 8. 0 
9, 01 0£*IBUTKWLfc**3fc#St£fll^*££ 

JCfc-SS^fetCO^TJE^S. 06 (a) \Z7K-?t?7 

hm&zwtytmittiim'im) ©aiBiriS&s-trr, mt 

2 OOf^SftT^a^ffi 1 9©K*MW© 
ftKWfcaa**<tK:«J:D, 0 6 (b) fcjR-T 

±3 a*, n if 

■Mux, r»«ob*»6jq— tt^TBsst-rntf, ±c 

T06 (c) KjST«k3tt»&a»K*«I^TaMb'rs3fc 

><D7*-*xikm&mftmmmfr*>mfriz-?z,-rz. 

[0 0 4 1] tt±, ^7T->3 >-7X?iS*^© 

7*-*^StTB3tt5*ffit: , 3^T^fc^. d© 
ffc©g:^?t«#i£<hLT\ S)tffl7^>7©/ti'->M 

tfcSBfcT v x * / i * - > * S^T -5^tfc«tDV7,^A 

1 ltt-*©— «**UT:feD, 5I?S«3 8 a±tdC r 
BUCfciVZ^/l^ — >3 8 b*^p£^n^^^x— "> 
a>77^3 7©/^->^ffitteStt<B']T7tjlf<B!l© 

Mf$f^,9^TB, V7.?/^->J£j&Btt©Sffi 

3 8 a\zm&MtfLVT$>< Z.£tf-?£. -«tl/Ttt. 
StS3 8 a©7tA*ffllllC. tfy? : 5 Mm, iSS : 1. 

2 um(D-7-i ^UU>X7U^ (MLA) Sl^T.hg* 

ft¥m?3 9rfMf&2ntz&tl*KZiM<DmzC rll: 

f3 9^ty7T-i /3>VX^3 7 ##6*15. 
01 1 fcjj*T*WM>f 5x-'>3 >7Xi7 3 7TI1 3t 
AWSWC^/hfcV'f ? Dl/>X7H!i^^i£«! 

[0 0 4 2] ^7T->3 >V7.;7©?£ai®*# 



(10) 

nz-yzmyttz c t \z J: 9±ev*£/t^-><o3fc 

-«*«UT*D, 5^*«4 0±(CC rgHcJ:-S)-v'7. 

K, 7>?-3-h (SiOm) 4 It, 3tttitfflM£ 
10 K (Ta205, W20 5 ^) 4 2, S^SWB&lh^lK 
(Zr02/MgF2/Zr02^) SrH^J&U 
M4 0©/^->MItS5»flCS (3£A»ffl© 
ffi) KEWBjh«iMl4 4*#]*l,fc«T**. 012 
izm-tm^Loi/y^-i^a >»j* 

^->£gftT£, ■77.i7^5'->©3^ajl^3>flJ©a 
M2:^-r-5^<t*ST#S. ft, 012©0S-m, 

->Mjmm\zyt&WLmmf£m*Mf8.isT^ztfs 

20 S«4 0 ©/1 37 - >KJ$Mt \ZKtt®\<DW Ofc A»«© 

ra«©s&**t#e>n*. 

[0 0 4 3]£l±, *^HJ^«^g7tffl-7X^ (i^7f 
S«&LTJBi»*££KJ:?K 01 J ^02©4 , ©S3tI 

mizmmt)mm^nrzmm<D3^7i.mm<DmmMVt^ffi 

[0 0 4 4] #tc, ^7ttt«^«tS«(CMLS*14X 
*H;K?)iLTe?t5|git:. S*ttX-y5 1 >^©S 

n^*®^«5^Sl±-2)Ci:d«nItgT**-5. 013 

(a) tt, Ml0±l:, «I$:flIftSnfcl/-^h 
1 1 1 &WmVfzVt&&7f;l>T^2>. £©«fc-5&ttffi^ 
tf^ffifg^tftT-SX-y^Z^IglCiS^T, g#?Jt£ 

40 mmmzmtznzt* ssiotc #j*j£0i3 

(b) fcj*-«0<, 8>3tMft£±<&ttZ>fom&tV 

©*g^gB# (0+tc r i j T*TgS7» 5te^-r§»#© 

II©«¥(Cl»UTttSJRit*ISl CR*LTaJ5l»««c 
*3t-t-5®«IIl ©ii5«IM?:l£ALTg¥L,T^-2.. Z.<D 
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[0 0 4 5] 

[SHSS0U] Wz, *»9Ifc:«*#95a®}§MK©«lJ**i* 

m^t>nz>fflL>i^fe<D'?-i fou>X7W (ml a) 

^io?'fi'ou>x (ml) fcRfF*"**^©** 
miz-D^xw&tz. 

[0 0 4 6] (*1S«1) HI 5ttttftyn^x^^- 

OlBTFTlfi, 2 0 2«7'ffDV>X7Hi 
2 0 3IWIIS. 2 0 5li«SIS*l/T^6. 
TFTS«2 0 l©$t,P B JI2 0 5tCtt-r^)ffl'J©®tC«. 
§I$SIllt5fcJ!)©TFT2 0 lAt;U5-( > 

(H^-fr-f) *^^;^n, ziti^T f t 2 0 ut/u 
lBfcftoiw. ^2 0 1 ctemw&mmz 

fLTV^. TFT»R2 0 lfc#E«fiJ12 0 5&« 
#-T3¥®S« 2 0 3 ttSWttTfr WC. ttAM 2 0 
5 ^T-5<ffl©MlC«^5 y 9 V h U <v 9X 2 0 4#JB 

12 0 4A*i I TOltiOf «§ntU5>, 
VyX7V-i S«2 0 2 Idte. ¥®Sffi2 0 3 KSrTS 
ffl!l<7)®lcaSTffli:LTei<D-7-<^nU'>X3 0 2£>7U 

3„ HI 6tt±IBV-1 , i7Dlx>X7U'1'*t5 2 0 2*7* 
-THTfeO. 3 0 3 ^T.^— y-SP^T. H*©?? 
^hteT.^— 9-SB3 0 3© (Vf^nW>X3 0 2^ 
®7^<E>©) it5££^LT*3t>. h* teV-f^n^>X3 
0 2(DiS$?r^LT^-5. i©h, h' «H&:h^; 
h' ZffifzTZ.ttf>&&X-$>K>. *J"«3 0 3tt, 

^al/>X3 0 2©iS$^±COS5^t*^fiS;$ 

[0 0 4 7] USStfllte. HI 5, 1 6lC*f <fc5&« 
/h tf v ^T62?iJ£ nfcV^f ^DV >X7 l-"f Sr SlfTf 5 
««J-C*D, "7-f^nU>X3 0 2©BJ*MH*IE0fr< 

0 2 A£jE*J&£:2gSL, ^©Pi&lMX (®») £X 
AXXAtUfc«6tC, 0. 9" -XGAfflOtS^f 
©ift'f Xfct^D 1 8 X 1 8 (Mm) T*£<DT, S 

mmzizzwwmv^ xtmtxzzo^^ 9 o i^>x 

SrSBBLfcV-r £ a 1^>X7 tt"* £ L 

l/>X«7)i^fli)lC#l iim^©l/>X^MWJ5i 

«H*tClR^T*Lfc^«3 0 2B£&9, -^CDffi«X 
BXXBttD17X17 ((im) £&D, ±#<DWfe\Z 

^^-(pou>X7u^mn<Ditmt. (i7xi 



i) 

20 

7)/(18X18)X100 = 289/324X100 
= 89. 2tftD, 7<^Dl/>X7^T4T03tt 
3firjaK*3tt4Jlt3i l T?«fT"b, 8 9. 2%©£M)¥ 
TjL^ftU. IfcAbT, V-f i7Db->X<Z)#12j£g&<D 

st&o, hi 5, 1 6ic*-r0y©<t5ic, v-r^ou 

>X3 0 2©»»IHIII*ISD*<*Kifi^t*^t« t a 
[0 04 8] ^l:. 015, 1 6 \Z7prt J: o tS^-i 9 n 

-?nfcznz>m&fti6-?x9 : £ : ¥*t>mM-tz>. mttwz 
it, #£M«ITtt. 0ioi:*t<J;5axT7^-I)t 

g«Sffll>Tl/5*©*/MI3 l fcSfT'50n?. 

w:±Lrz-7X9^9-><DU^9)v^x9 m±-?x 

V) Tf*0. *©U^*;Wt^ — >-*tttt. D9 0X9 
0 (/xm) t?*?>. HI 4H7-fi?nl/>XlI»07 

4 6 J4C r a^MOHnjBfctWWHWSfifc**© 

(4, ;itf)-HB©V^n^>XSB#£, #ft-fcJKDlM 
X£3. 0X3. 0 ((im) £LT. 
$£x$t=3 0X3 0 (<B) =9 0 0 (®) 
0m&-tMZ#®Ltz-?X 9*9 

^^;PVXi7± : 3X3 (um) -+^fo<Drti?->T-lt 
0. 6X0. 6 Urn) ) \Zitm&-t)^' t>A-l# 

(cra3tK*«^fiHio/ttt«) ©mft-k^sffiB-f 

so ffi-fc*- 8 0# (C rjIftlg©8l9gltfH!8L) 

8 o ©*ffi't;n:tt, €• rpgia (^SiSft) J 

-5 rwp®«j t rcrl^ffj <D»**»«3*. SW 

>XSI«i#tt;l' ■ h8j£L7cJ: 

^izm9txu±xtm^emtn<Dmmmm^mn^ 

40 [0 0 4 9] ±f2©S*W^#^.*tcSO*^T, 

y\iD.—9 Jl<dc ADI5thBiffi±t?i^>X^$ t 

ir;U • ^->/N*— $:EBL, C ADx— ^^r#^T?>. * 
&%X?X\zmft&tt®$:mfi^t^X9 77>9 
X?:ffl«L. H7»C«l/fcU— »f-3t!H»*««)X-Y 

C A D x- ^ * I/— !f-*l£flR»g«® «fP»K A A ^ 
TX-Y^f-f8(0»»i:U-!f-Xil©ON. O 
so FFSfiMl/fctfe. Hff^<0*ffiT*-7X^^7>i7X{C 
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[0 0 5 0] *tC. ±.VMDVJ->;)V?Xt>*@.m^tz^ 

stun @i t^coiajgxex-fTofco sr. 0 
i (a) \z^-r^o\z. ffim<D&wMtf.*Mf$.-r'<%m 

(tfc) STGMR-9 5 0 OSSi^) ) 115:8. 5 6 
1 1 £^*UfcS«l 0 bXU-bJtlCfc-t!-, 1 

o ox^cDDm&mzT^-fmm ■. 1 8 ofrrxu^- 

i? L-fc. ^Jr. Mil 1 0 $ 

si o\zmvtz&z)umi&<D*7 L yrt--mytmm<Dx- 

ffl VXi7 1 IT 1 / 5 {&©*S/jN¥T7.^^^-87tb 
fc Sft&ftte, ^X?n?-><D%i&&W$:l'zSX b 
SI l©*®A^fil^tC-x7*-*7>^-&. 
Xi§+2 5(im, g7t3t^LF<DBg*t»^3 9 OmW 
XI. 9 2% (.MS. : 7 2 0m J) ilfc. $.fz, Z\(D 
■?Xtrrt?-><Dmyt-C\Z. 01 (b) \Z^-T£olZ> 

-7-07 u v>X7 w © b- yxwrnrnzMfoistzymw. 

±teo«7tISi^7^, PEB h • 

o 5 < c©iamT2 7 ou>ranffi-r^ 
dticto. 01 (c) tc*-r«te«tc, uyxhiii 

KJ;5v^nU>X^#rt*#6n;fc. #1>T. ±I2S 
1S2 2 *^SI^bSM©X^1f l^fC-t^ b U 18 0 

T.bJKDA-b'X^fcfTofc. CW&dMCfc-sT, U 
vT. b©»X7Xvtttefa±U ^IgTOiPKdffiA 
Z>nZ>&o\Zt&Z>* ft, ^WS^OU'i'T. hiS$«, 6. 
7 umT'fo-otz. 

[0 0 5 1] ±I2S«1 05TCPF7-fl7f 

>^SB©*^«^(C-t^ hL, 1. 5X10 

-3ToorlI*sgMim CHF3:5. Oscc 
m. CF4: 50 s c cm, Oj: 20scc m<E>?g£# 

£ 1 . 2 5KW, X«^iSS*-2 CC, ttfc^fr 
TT&^ftcob*^ Xy^^Srfr^fc. Sfc, 



(12) 
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P#ffi^t<h#Kg;S14b^x-;/^>y'<Dgm£ 
(/hS<^-5J:5tC) ^KLft^Xy^^fro 
tz. Sffil 0©¥i^X^^>^3ig«, 0. 6 3um/ 
#T-&ofc#, ^©X^^>^^«. 11. 5#£ 

(DMVttf&mzmQ&zn mi (<d ) , 01 
■r ct ? ^»r®^<D-7-r v o u >X7 u-r #§?fe£ n 

fc. l7f>yi©l/>Xli3Hlt H=5. 3 

3 (imTSofc. 

10 [0052] (^ss^j 2 ) *ic, mmm 1 tmM<om& 

7A'-f Xffl V-f ?UU >X7 U-f £S?f£-f ^^CDgijCOH 
JS0iJ£*T. ^(DUSS^Jirfc^Tt). 0. 9" — XG A 

mnmikm^ommD-'f x&a 1 8 x 1 8 («m) £L 
t» 01 6 <D&?\zmm$m*mK)ti<m\ziSL-3mz^ 

£ n -5 p ^ ^ x v 0% AfcMW tc mm.mm & m-r % 
m^^m^^^ftzhcD^m-r^o 01 1 a*©— 

0tl£^LT*5D> 5^*«3 8 a±lCC rfgtCcfc^^X 
20 ^A^->3 8 b«$nfcl'fi';l'VX^ 3 7 <D/1 

* - >^fijc® t \tKMM-?ytmti<i<Dm\zytftmft¥mT 

3 9%mWVfzMT*$>Zo Z\<D%&m%¥m^3 9tV 
T«, YXi'/^->Mi©M3 8 afra^PfiKb 

AWffl^, tf : 5 jam, ii5$ : 1 . 2 (im07^f ^ 
D1/>X7K (ML A) ^UvT. h^«ffi«(Cj;o 
T^-TS. *^T»1S3 8 a©7"£*£«^^3 9 *« 

tCfcoTC rK(C<i:^)V7>^/^->3 8 
so ^ntCctD, ^ffi«^^3 9^«AfeU^^^ 

3 7^»e>n-5o 01 1 \zw.-tWi$L<r>\'=$->7 )w 

X23 7TH TtAWffiffldiC^/jNTiVf ^PU>X71/ 
-f*^^?)7tH£«!^*^3 9^{|AT^§(D-e, 

i mmnm&^frT'mf&zntz-?*? rt?-><Dytmm 

[0 0 5 3] ft, Zl(DU^i7;PV7.^«0 1 0 tC^TX 

[0054] (^09 3 ) k\z. %mm i tmmomg, 

f/H Xffl v-f i7 n U>X7 $:Sf^-r *^©SiJC0H 
SS0il€:^T. iKDHSSeyiCfc^Tfc. 0. 9" — XG A 
fflO^S^©ia*1}--f X£D 1 8 x 1 8 (.um) tL 
T. 01 6(D«t5llP^F B m^l®D^<«(Cjfi^^fc-7 
so ^^D1/>X7H^T5. *HJg0iJT«. 
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fc^LTSstK *««liPil*0*ffi'P. 5^I«4 0 

>M&W\Z. 0S*.tf, #tiJIBAlC<fc34#H¥l 1-2 8 
8 4 3 Ot&figi©ili^^ffl | '^< ^'frifcft 
£ i il§$lC-&-&T, Sfi»e>7>^-3-b4 1iLT 
S i OKA/4, ««ffllil4 2tHTa 2 05 
©RSA/4. K»teJk««Hi4 3il/TZ r02: 
0. 4+MgF2 - .0. 2 + ZrO2:0. 4©*ffl5l«£ 

©IS (ftAWfi'J©®) KttRI*l»Jt«rtl8t4 4*»>Sb 

0©/^-">#J*ffi£»*E**«©® OfcA#t<i!l©Si) ft 
[00 5 5] «, COUff^fliHlOfcwt^ 

3t«o p e b *j *?■ y vmostfr itmmm 1 1 m 

[0 0 5 6] mmW4) **lt«Ttt. ftSflfflft^ 

X©#IT'£>9, Stctt, PiBBA*-7-f 0DW>X©U>X 
i^Tifel>. EAT. 3.©ffiffivf£al'>X©Jg#£«F 



24 

©«££tt*fttt:*m©J«feD» A'^-->^tt> *&X 

[0 0 5 7] **lS0!ITtt. «3tett*BftbT3t«Mfctt 
«HB6fflt». 02, 3 £H*©»jfiIgTF5ffi"?''f ?n 
U>>C£»fFr*. ^©fS. flHr>fcft8Mfctt»K©*U8 

io »«6. 8%, ^»*«a«t-r-5i^>xs©»+5i-© 
imb. tmeejessibaftT. *msnr©4M*ti-c 

&*. *Hifi0!ITtt, *g£)8 0 0 AtmlC*fUT 

*»a©S*3^2 0~3 0 (imT»t), ^-©lt«3 0# 

[0 0 5 8] *^H«TBtt£T*l'>XB5}SM*te*l 
ffi, ^2®t%>#S*ffi^T*i3. -?-©#S*fflJ&*Ktt» 
: R, 3t«^6©e» : Y, nHJtlfc : k. « 
20 &©5tf!c: a, b, • •» ft*&;£|B]©i«£ : X^rfflV^T 

*i*»TB©ai cjSTaoT»*. 

X-(y!/R)/|l+/"U-(k + l) (Y/R)2)] + a 
Y^+b y6 • • 
[0 0 5 9] #lHi£0«©*£tt. v-f^Dlx>X 
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h-y^T©^ : H= 3 0. 8/imT$ofc. 
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